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EXECUTIVE SUMMARY AND INTRODUCTION

ARAVA (leflunomide) is an isoxazole immunomodulatory agent with a unique mechanism of
action.  It inhibits de novo pyrimidine synthesis by reversibly blocking the enzyme dihydroorotate
dehydrogenase (DHO-DH), resulting in antiproliferative effects on activated autoimmune
lymphocytes important in the pathogenesis of rheumatoid arthritis (RA).

ARAVA has been shown in randomized, controlled trials to:  (i) reduce the signs and symptoms of
active RA; (ii) retard structural joint damage as evidenced by X-ray assessments of erosions and joint
space narrowing; and (iii) improve physical function.  In every trial, ARAVA was consistently
significantly superior to placebo and was overall comparable to comparator Disease Modifying Anti-
Rheumatic Drugs (DMARDs), methotrexate and sulfasalazine.

ARAVA targets the underlying inflammatory process – rather than just treating symptoms – by
inhibiting multiplication of T-cells believed to perpetuate the autoimmune response in RA.  It is also
effective in treating both early and long-standing disease, as long- and short-term therapy, and
regardless of disease severity or previous exposure to other DMARDs.  Because of its unique
properties and the need for additional DMARD therapies, ARAVA received priority review by the
U.S. Food and Drug Administration (FDA).  This does mean that less data was required to receive
approval, but that, by regulation, the FDA acted on an expedited track due to the important
therapeutic potential offered by ARAVA.

The New Drug Application (NDA) for ARAVA was approved by the FDA on September 10, 1998,
after the FDA Arthritis Advisory Committee unanimously recommended approval on August 7, 1998.
Since 1998, ARAVA has been used by over approximately 500,000 patients worldwide.

Proposed New Indication:  Improvement in Physical Function

Currently, ARAVA is indicated in adults in the U.S. for the treatment of active RA to reduce signs
and symptoms of the disease and to retard structural joint damage as measured radiographically.  The
approval of ARAVA was based on 1-year data from three Phase III, double-blind, randomized,
controlled studies.  Based on an analysis of 2-year data from these Phase III studies, it is proposed to
add “and to improve physical function” to the currently approved indications.

These Phase III studies are summarized as follows:

• US301 was a randomized, double-blind, placebo-controlled study of 482 patients, with a
primary endpoint at 12 months and continued double-blind treatment to 24 months.
Leflunomide was compared with both placebo and methotrexate (plus folate).

• MN301/303/305.  Study MN301 was a randomized, double-blind, placebo-controlled, 6-
month study of 358 patients, and the active comparator drug was sulfasalazine.  Study
MN303 was a double-blind, 6-month extension of MN301 without placebo control – patients
who received placebo in MN301 were switched to sulfasalazine in a blinded manner at the
start of MN303.  Study MN305 was a double-blind extension of MN301/303 for a second
year, during which patients who switched from placebo to sulfasalazine at the start of MN303
continued on sulfasalazine in MN305.
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• MN302/304.  Study MN302 was a 999-patient, randomized, double-blind study comparing
leflunomide to methotrexate for 12 months.  This study was not placebo-controlled, and
concomitant folate administration was not required (only 10% of methotrexate patients
received folate).  Study MN304 was a double-blind extension of MN302 for a second year.

Patients in the Phase III, double-blind, randomized, controlled studies demonstrated that
improvements observed at 6 and 12 months in ACR response criteria for signs and symptoms of RA,
and in X-ray measurements of erosions and joint-space narrowing, were maintained over two years.

The Health Assessment Questionnaire (HAQ) was utilized to assess physical function in all three
studies. In addition, the Problem Elicitation Technique (PET), 36-Item Short-Form (SF-36), Medical
Outcomes Study (MOS) Current Health, and Work Productivity Questionnaire (WPQ) were used in
one study (US301) as further measures of physical function and health-related quality of life.

At 12 and 24 months, leflunomide was statistically significantly superior to placebo in improving
physical function and disability as assessed by the HAQ disability index (HAQ DI) and exceeded the
generally accepted, 0.22-point change threshold for clinical significance.  Superiority to placebo was
demonstrated consistently across all eight HAQ DI subscales and the composite disability index in
both placebo-controlled studies (US301 and MN301).

The SF-36 further addresses physical function as well as social and emotional function.  In US301 at
12 months, leflunomide treatment resulted in statistically significant improvements compared to
placebo in 5 of the 8 SF-36 scales (physical functioning, pain, general health perception, vitality, and
social functioning), the SF-36 physical component summary score (PCS), and the Work Productivity
Questionnaire (WPQ).

The improvements in physical function demonstrated at 6 and 12 months were maintained over 2
years.  In patients continuing leflunomide for a second year of double-blind treatment, marked
clinically meaningful improvements from baseline in the HAQ DI observed at month 6 and 12 were
sustained at 24 months in all three trials, with no clinically meaningful changes between months 12
and 24.  Improvements in the SF-36 observed at 6 and 12 months in Study US301 were maintained
over 2 years.

A sensitivity analysis using three approaches to adjust for missing data within a treatment group
showed superiority of leflunomide over placebo for the HAQ DI and SF-36 PCS.  It thus
demonstrated the robustness of the 2-year data.

Likewise, the adverse event profile of leflunomide during the second year of treatment was similar to
that during the first year of treatment and no new types of adverse events emerged.  The incidences of
new-onset diarrhea, nausea, headache, alopecia, rash, hypertension, and increased liver function tests
decreased in the second year of treatment.

The rates of adverse events seen in these phase III clinical trials with leflunomide were compared to
methotrexate and sulfasalazine in a meta-analysis. The results show that serious and serious-and-
related adverse events all occur more often amongst the methotrexate and sulfasalazine users.

In conclusion, these data and analyses support the efficacy of leflunomide with regard to
improvement in physical function.  Concomitant improvement in health-related quality of life was
also demonstrated. Improvement in signs and symptoms was proven previously in 1-year studies
contained in the NDA, and continued improvement over 2 years has been demonstrated in the
extension studies.
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Update on Safety of ARAVA

The safety profile for ARAVA is based on three types categories of safety information:

• Data from randomized, controlled, clinical trials

• Post-marketing safety surveillance data for ARAVA

• Epidemiologic analysis of large cohorts of RA patients.

Comprehensive data on safety and adverse events from clinical trials and post-marketing surveillance
for ARAVA are reviewed in the Aventis response to a March 28, 2002 Public Citizen Health
Research Group petition to the FDA requesting withdrawal of ARAVA (leflunomide) Tablets from
the market.  The Aventis response was submitted to the FDA on August 8, 2002 and is included in
Appendix 1.  Rather than duplicate the review of clinical-trial and post-marketing surveillance data
contained in Appendix 1, this Briefing Document will focus on the results of epidemiologic studies
that assess the safety of leflunomide in comparison with other therapies for RA:

• Retrospective cohort study.  The objective of this post-marketing, retrospective cohort study
was to compare rates of adverse events (AEs) amongst leflunomide users to patients taking
DMARDs (e.g., gold salts, azathioprine, hydroxychloroquine, D-penicillamine, sulfasalazine and
the biologics etanercept and infliximab), and methotrexate (MTX), alone and in combination.
This study relied on the 6.5 million-member claims database of Aetna, a US health insurer.
Follow-up occurred from September 1998 through the end of December 2000.  A diagnosis of
Rheumatoid Arthritis and use of a DMARD were required for entry into the cohort.  Subjects had
to be 18 or over at time of entry.  Exposure and time on drug was identified by dispensed
prescription data.  Outcomes included hepatic, hematologic, hypertensive, pancreatic, respiratory,
and severe skin adverse events (AEs).  Rates were computed using Poisson regression and were
adjusted for age, sex, and comorbidities.

The study assembled more than 40,500 RA patients and 83,000 person-years (PY) of follow-up,
making it the largest RA cohort study ever conducted.  The leflunomide monotherapy exposure
group had significantly fewer AEs than DMARD and MTX groups.  The leflunomide group had
rates of hepatic, hematologic, pancreatic, pneumonitis, and severe skin AEs that were comparable
to DMARD and MTX.  Leflunomide patients had significantly lower rates of hypertension and
upper respiratory AEs compared to DMARD and MTX.  The combination of leflunomide + MTX
exposure group had AE rates that were comparable to other combination therapies.  The exposure
group no-DMARDs generally had the highest rates observed in this study for all AEs.  This is
likely due to a ‘depletion of susceptibles’ effect and channeling bias, in which patients who
experience an AE on a drug will be taken off and put on another, less toxic regimen.

Although data on disease severity, OTC use, and history of RA were missing, it was clear that in
this large population, leflunomide’s safety profile is similar to that of other DMARDs.

• Bi- cohort, nested, case-control study.  The objective of this study was to replicate the
retrospective (Aetna) cohort study using different databases and a slightly different design.  This
study relied upon the combined data from the Protocare claims database (10 million members)
and the PharMetrics database (16 million members).  Follow-up occurred from September 1998
through December 2001.  Subjects were entered if they had an RA diagnosis, had a prescription
for a DMARD after September 1998, were 18 or over at entry, and had not experienced one of the
endpoints of interest in the 90 days prior to entry.  Exposures included methotrexate, leflunomide,
other DMARDs, and biologic DMARDs.
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The combined databases had almost 42,000 persons who were prescribed a DMARD after
September 1998 and a total of 51,315 person-years of follow-up time.  Three-quarters of the
cohort were women.  The average age of Protocare subjects was 59, compared to 49 for
PharMetrics subjects.  There were 90 events per 10,000 PY for all events of interest combined,
and 5 per 10,000 PY for severe hepatic events, 27 per 10,000 PY for hematologic events, 16 per
10,000 PY for pancreatitis, 42 per 10,000 for opportunistic infections and sepsis, less than 1 per
10,000 PY for severe skin disease, 2 per 10,000 PY for pneumonitis, and 1 per 10,000 PY for
lymphoma.  Using methotrexate as the reference, the adjusted rate ratios for leflunomide were not
significantly different from 1 for any serious adverse event (RR =1.1), serious hepatic events (RR
= 0.9), serious hematologic events (RR = 0.8), serious pancreatitis events (RR = 1.5), and serious
opportunistic infections and septicemia events (RR = 0.9).  There were too few events for rate
calculations of severe skin, pneumonitis, and lymphoma events.  Of note were the generally
elevated RRs for the biologic DMARDs, especially for any event, serious liver events, and
opportunistic infections and septicemia events.

This study affirms the earlier Aetna cohort study in that adverse events amongst leflunomide
patients do not occur more often than they do in methotrexate patients.

• Proportional reporting ratio analysis.  The objective of the proportional reporting ratio (PRR)
analysis was to determine if reports of adverse events amongst leflunomide users are inconsistent
with similar reports amongst other DMARD users.  PRR is a signal-generating tool, and is not
used to confirm hypotheses.  Proportional reporting ratio analysis compares spontaneous reports
of suspected adverse reactions of different drugs where the true number of patients exposed to a
drug is unknown.

PRR analysis is widely employed by the Medicines Control Agency (MCA) in the UK.  Criteria
to evaluate the PRR come from several sources and are similar: a minimum of three reported
cases are needed; a PRR of at least 3 and an associated X2 over 5 or a PRR of at least 2 and an
associated X2 over 4 are considered possible signals.  The data used are limited in that there is no
way to assess the indication for a particular drug, so in the situation where a specific drug is used
for more than one condition (e.g., as is the case with methotrexate), there is no way of adjusting
for potential confounding by indication.  The calculated PRR used the entire database of the FDA
as a comparison (results which were not different than when DMARDs were used as a
comparison group).

The results showed that specific AE reports of leflunomide, as a proportion of all leflunomide
reports was not different than other drugs, with the possible exceptions of interstitial lung disease
PRR and vasculitis PRR.  These signals have been further examined using epidemiologic data
and have been found to be unsupported.

• Reporting rate analyses.  The objective of this analysis was to examine the comparative
reporting rates of various AEs of leflunomide and other DMARDs.  Since this method relies on
spontaneous report data, it is used for signal generation.  Spontaneous reports (numerator data)
were obtained from the FDA via QScan, a commercial software vendor that offers access to the
more than two million adverse event cases reported to the FDA made available through the
Freedom of Information Act, using proprietary mapping tools and techniques.  Denominators
(sales data) were obtained from IMS and converted into person-year exposures.  Leflunomide,
methotrexate, infliximab, and etanercept were compared.  Adverse events of interest included
hepatic failure, interstitial lung disease, tuberculosis and sepsis, bullous conditions, lymphoma,
demyelinating disorders, hypertension, vasculitis, and pancytopenia.
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Using this method to evaluate potential signals from spontaneous reports, none were found for
leflunomide.  Spontaneous report analysis is made difficult by under-reporting, the Weber effect
(i.e., reports are more frequent closer to time of launch and for a period of about two years, then
drop off substantially), lack of interest by professionals to report, potential confounding by
indication (i.e., the AE is caused by the condition being treated, not the drug), and poor quality
reporting data.  Compared to the two biologic DMARDs, which were launched approximately the
same time as leflunomide, there does not appear to be any signals.

Using this method of analysis, the AE profile of leflunomide appears comparable to that of
biologic DMARDs, with lower rates for certain events.

• Meta-analysis.  The objective of this study was to compare the rates of adverse events seen in
phase III clinical trials; specifically, leflunomide was compared to methotrexate and to
sulfasalazine.  Adverse event rates were cumulated from clinical trials US301 (placebo-controlled
trial of leflunomide versus methotrexate), MN301/303/305 (placebo-controlled trial and
extensions of leflunomide versus sulfasalazine), and MN302/304 (leflunomide versus
methotrexate).  The rates are presented on a L’Abbé scatter plot (line-of-identity graph) for ease
and sensibility of interpretation.

The results of this meta-analysis show that Serious and Serious and Related adverse events all
occur more often amongst the methotrexate and sulfasalazine users.  Methotrexate and
sulfasalazine also had higher rates of pain, blood, and cardiovascular AEs.  Skin (rash) and
hypertension occurred more often amongst leflunomide users.  Leflunomide had higher rates of
infection and abnormal liver tests compared to sulfasalazine, and lower rates compared to
methotrexate.

Using L’Abbé scatter plots to assess the rates of AEs reported in clinical trials of leflunomide, the
two comparator agents (methotrexate and sulfasalazine) had higher rates of Serious and Serious
and Related events, as well as higher rates of cardiovascular, blood, and pain AEs.  Leflunomide
had higher rates of skin rash and hypertension.

• Liver transplant analysis.  The objective of this study was to determine how many liver
transplant cases have been reported in which leflunomide or methotrexate is listed as the etiology.
Data were requested by and received from the United Network for Organ Sharing (UNOS).
UNOS administers the nation's only Organ Procurement and Transplantation Network (OPTN),
established by the US Congress in 1984.  Through the OPTN UNOS collects and manages data
about every transplant event occurring in the United States; facilitates organ matching and
placement processes; and helps to develop organ transplantation policy.  All data on liver
transplants from 1 January 1998 through 31 July 2002 were reviewed for drug involvement of
either methotrexate or leflunomide.

In 1998, three liver transplants listed methotrexate hepatotoxicity as a cause or diagnosis; in 1999
and 2000, one transplant each year listed methotrexate; in 2001, six transplants listed
methotrexate; and through 31 July 2002, four cases listed methotrexate toxicity as a reason for the
procedure.  In that same time period, no cases listed leflunomide.

Based on a review of the UNOS liver transplant data, methotrexate toxicity was listed as the
diagnosis for 15 liver transplants from January 1998 through July 2002.  In that same period,
leflunomide toxicity was not listed as the diagnosis for liver transplant.
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• National Data Bank for Rheumatic Diseases.  Data from the National Data Bank for Rheumatic
Diseases  regarding rates of  serious liver toxicity in patients taking leflunomide or methotrexate
were published in abstract form and presented by Dr. Fred Wolfe at the American College of
Rheumatology 2002 Annual Scientific Meeting.   He reported that the rates were low and that
there was no significant difference between leflunomide and methotrexate in the percent of
patients with self-reported liver adverse events or in rates of liver adverse events per 100 patient-
years [39].

Treatment effectiveness in the community has been evaluated by Dr Fred Wolfe based on data
from the National Data Bank for Rheumatic Diseases and reported at the American College of
Rheumatology 2001 and 2002 Annual Scientific Meetings.  Data were evaluated using the time
patients remain on treatment [40] and also by an expanded definition of  treatment failure, i.e.,
time to treatment discontinuation  or addition of another DMARD [41].  In both of these
measures of treatment effectiveness in the community, leflunomide and methotrexate were
comparable.

Benefit-Risk Analysis of ARAVA

The accepted standard of care for patients with RA is aggressive, early treatment with DMARDs,
which slow and potentially alter the course of the disease.  However, no single DMARD is effective
in all patients, and secondary failures (loss of efficacy) are not uncommon.  Accordingly, most
patients with active RA require the progressive addition or change of treatments over time.  Each of
these therapies has been associated with serious and sometimes fatal adverse events, but this fact
alone does not alter their positive benefit-risk profile.  The need for alternative therapies remains the
driving force behind recent development and approval of new treatments for RA over the last four
years.

Several epidemiological approaches were used to compare the adverse event profile of leflunomide
with those of other DMARDs.  While none of the approaches are without limitations, the results of all
analyses taken together show an adverse event profile for leflunomide comparable to methotrexate
and other DMARDs.

The efficacy and safety data confirm that ARAVA is an important advance in the treatment of RA
and should remain available to the many thousands of individuals who benefit from the use of the
drug.  The chronic, progressive, and destructive nature of RA warrants the use of DMARDS early in
the disease process.  ARAVA has been clinically proven to have efficacy in early and advanced
disease, with rapid onset of therapeutic effect and sustained benefit during long-term therapy.

These established benefits must be weighed against its recognized risks, in the context of other
available therapies and the severity of the disease.  The risk of serious and sometimes fatal adverse
events has, unfortunately, been observed with most prescription medications – and all DMARDs,
including ARAVA.  Specifically, the safety data from randomized controlled trials show the overall
percentage of patients with adverse events who were treated with ARAVA was generally
comparable to that of patients who received methotrexate and sulfasalazine.  Importantly, nothing in
the post-marketing experience changes the acceptable benefit-risk profile established by the
controlled clinical studies.

When weighed against the benefits of the drug, its impact on the disease course, and the limitations of
other available therapies, the risks of ARAVA treatment are clearly outweighed by its substantial
benefits.
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1.   IMPROVEMENT IN PHYSICAL FUNCTION

1.1   Background Information

1.1.1   General background

Leflunomide is a pyrimidine synthesis inhibitor that acts as an antiproliferative agent.  Following oral
administration it is rapidly metabolized to an active metabolite A77 1726 (hereafter referred to as
M1).  M1  has been shown to be active in vitro and is presumed to be the active metabolite in vivo.
In vitro, M1 inhibits mitogen-stimulated proliferation of human peripheral blood mononuclear cells
and transformed murine and human cell lines in a dose-dependent fashion.  This antiproliferative
activity is reversed by the addition of uridine to the cell culture, indicating that M1 acts at the level of
the pyrimidine biosynthesis pathway.  Binding studies using radiolabeled ligand demonstrate that the
active metabolite binds to the human enzyme dihydroorotate dehydrogenase (DHO-DH).  In vitro
incubation of M1 with rat, mouse, and human DHO-DH demonstrated that it inhibited the activity of
the enzyme at concentrations lower than those that exert antiproliferative effects upon rapidly
dividing cells: 16–657 nM.  Rat and mouse enzymes are more sensitive to this inhibitory effect (IC50

0.14±0.08 and 16±11 µM, respectively) than the human enzyme (IC50 46±6 µM).  Together, these
data suggest that at concentrations achievable in subjects de novo pyrimidine synthesis in activated
lymphocytes and other rapidly dividing cell populations is inhibited, resulting in reversible cell cycle
arrest.

ARAVA  (leflunomide) received NDA approval on 10 September 1998 for the treatment of active
RA to reduce signs and symptoms and to retard structural damage as evidenced by erosions and joint
space narrowing shown in radiographs of the hands and feet.  The FDA requires 2-year data before
considering a claim based on improvement in physical function; however, only 1-year physical
function and health-related quality of life data were available at the time of approval (summarized in
this document in Section 1.1.3.2   Year-1 results in ITT population).  The Sponsor has therefore
submitted a supplemental NDA providing 2-year data from three Phase III studies in support of an
indication for improved physical function (summarized in Section 1.1.3.3   Results for Year-2
Cohort).  Evidence of improvement in physical function has been based on the Health Assessment
Questionnaire (HAQ), Problem Elicitation Technique (PET), and Medical Outcomes Study (MOS) 36
item short form survey (SF-36), which are described in Section 1.1.2.1   Scales used for patient-
reported outcome measures.

1.1.2   Overview of clinical studies

The following is a background and overview of the clinical investigations presented in the
supplemental NDA.  Summaries of the efficacy and safety results from these studies are provided in
Sections 1.3 to 1.5 of this Briefing Document.

This Briefing Document details the findings from three long-term (up to 24 months of treatment),
Phase III trials supporting a claim for improved physical function.  All three of the trials were
multinational, multicenter, double-blind, parallel-group studies and extended to 2 years.  The
approval of ARAVA was based on 1-year data from the three Phase III pivotal trials that were
submitted in the original NDA.  One of these studies, HWA486/F/USA/301/RA (US301), compared
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leflunomide with methotrexate over 2 years and compared both of these medications with placebo.
A second study, HWA486/6/MN/304/RA (MN304), compared leflunomide with methotrexate in the
second year of active treatment.  The third study, HWA486/6/MN/305/RA (MN305), compared
leflunomide with sulfasalazine in a second year of active treatment.  All three studies gathered
information on patient physical function.  US301 also collected data on general health-related quality
of life for 2 years.  Following are brief descriptions of each of these three studies.

1.1.2.1   US301

US301 was designed as a 2-year double-blind trial to provide long-term data on the safety and
efficacy of leflunomide compared with placebo and methotrexate in the treatment of patients with
active RA.  The primary, protocol-defined endpoint for the study was the ACR20 response after
12 months of treatment in the initial therapy phase.  This primary 12-month analysis for patients
treated at the 42 US study sites was previously reported in the original NDA submission.  The study
synopsis for this study provided in Appendix 2 presents results for the full 24 months of the initial
therapy phase as well as results from the alternate therapy phase (1-year data) for patients treated at
the 42 US and 5 Canadian study sites.  A summary of the study design and patient disposition is given
in the Figure on page 13.

Patients were eligible for the alternate therapy phase if they had received at least 16 weeks of study
treatment and were withdrawn due to lack of clinical response, significant toxicity, or persistent
laboratory abnormalities.  Patients who were randomized to methotrexate or placebo in the initial
therapy phase received leflunomide in the alternate therapy phase; patients originally randomized to
receive leflunomide received methotrexate.

In support of a claim for improved physical function, the following questionnaires were used in
US301 to gather information on patients’ physical function and health-related quality of life at
baseline, weeks 24, 52, 104, or when the patient switched medication or left the study.

• Health Assessment Questionnaire (HAQ)

• Problem Elicitation Technique (PET)

• 36-Item Short-Form (SF-36)

• Medical Outcomes Study (MOS) current health perceptions scale

• Work Productivity Questionnaire (WPQ): Items on work problems and work productivity
were abstracted from the 1994 National Opinion Research Center Survey [11].

Patient accountability in US301 is summarized in the following tables.  A small number of Canadian
patients accrued late due to lack of drug supply were not analyzed in the original NDA submission
but only in the 2 year safety and efficacy data.  ‘Alternate therapy’ was offered to all patients who
exited initial therapy due to documented lack of efficacy on or after 4 months.

Results for the alternate therapy phase are not part of the analyses presented in this document, but are
included in the accountability data as patients remained in protocol treatment.
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 Randomized 
and Treated 

508 

Leflunomide 
ITT Cohort 

190

Placebo  
ITT Cohort  

128 

Methotrexate 
ITT Cohort 

190 

107 Withdrawn  
92 in year 1 
15 in year 2  
(52 for AE) 

Year-2 Cohort 
98 

Year-2 Cohort 
36 

Year-2 Cohort 
101 

 

101 Withdrawn  
92 in year 1 
9 in year 2  
(12 for AE) 

Alternative 
Therapy 

25 Enrolled 
16 Completed 12 mo 

Alternative 
Therapy 

56 Enrolled 
34 Completed 12 mo 

110 Withdrawn  
89 in year 1 
21 in year 2  
(32 for AE) 

Alternative 
Therapy 

35 Enrolled 
17 Completed 12 mo 

 
Completed 24 mo 

27 

 
Completed 24 mo 

83 

 
Completed 24 mo 

80 

Completed  
24 mo initial or  
12 mo alternate 

therapy 
99 (52% of ITT) 

Completed  
24 mo initial or  
12 mo alternate 

therapy 
61 (48% of ITT) 

Completed  
24 mo initial or 
12 mo alternate 

therapy 
97 (51% of ITT) 

Patient Disposition for Study US301
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Patient accountability in US301
No. (%) subjects

Patient status Leflunomide Placebo Methotrexate Total

Enrolled (ITT cohort) 190 (100%)
8 from Canad

128 (100%)
10 from Canada

190 (100%)
8 from Canada

508 (100%)

Entered 2nd year of treatment 98   (52%) 36   (28%) 101   (53%) 235   (46%)

Completed 24 months of treatment 83   (44%)

85% of those
entering 2nd yr

27   (21%) 80   (42%)
79% of those
entering 2nd yr

190   (37%)

Alternate therapy*

Enrolled 25 to MTX
1 from Canad

56 to LEF
  5 from Canada

35 to LEF
2 from Canada

116

Completed 1 year on new therapy 16 34 17 67

Completed entire blinded treatment
(24 months on initial therapy or
12 months on alternate therapy)

99   (52%) 61   (48%) 97   (51%) 257   (51%)

* Results for the alternate therapy phase are not included in the analyses presented in this document.

Patient accountability for one year data in US301 as submitted in original NDA
[includes ONLY patients enrolled in US]

No. (%) subjects

Patient status Leflunomide Placebo Methotrexate Total

Enrolled (ITT cohort)  182 (100%) 118 (100%) 182 (100%) 482 (100%)

Completed 12 months treatment

On initial therapy

96   (53%) 37    (31%) 105  (58%)

Alternate therapy*

Eligible 30 (16%) 60 (51%) 42 (23%)

Enrolled 24 to MTX 51 to LEF 33 to LEF 108

Completed 12 months treatment in
initial &/or alternate therapy

120 (66%) 88 (75%) 138 (77%) 346 (72%)

1.1.2.2   MN305

MN305 was a double-blind extension to the 24-week study MN303, which in turn was a double-blind
extension to the 24-week study MN301.  The objectives of the studies MN301/303/305 were to
investigate the safety of leflunomide during long-term use in RA patients, to assess the relative
efficacy and safety profile of leflunomide compared with sulfasalazine, and to investigate population
pharmacokinetics.  In the original protocol for MN305, blinded treatment was to be continued until
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the database for MN301 had been unblinded.  The double-blind treatment period was, however,
subsequently extended in two amendments to allow patients to complete 2 years of treatment.  The
amendments addressed recommendations made by the FDA, European regulatory authorities, and
independent experts in the field of rheumatology.  Patients who received leflunomide or sulfasalazine
in MN301 continued on their respective medication in MN303 and MN305.  Patients who received
placebo in MN301 were switched to sulfasalazine in a blinded manner at the start of MN303 and
continued on sulfasalazine in MN305 (placebo/sulfasalazine group).  At the start of MN305, all
patients continued on the same daily dosage of leflunomide or sulfasalazine that they had been taking
at the completion of MN303.  Results of MN301 and MN303 were previously reported in the original
NDA submission.

The HAQ was used in MN301/303/305 to gather information on patient functional impairment for
2 years.  Assessments were made at baseline, weeks 2, 4, 6, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48,
72, 104, or when the patient discontinued early.

Patient accountability in MN301/303/305 is summarized in the following table:

Patient accountability in MN301/303/305
No. (%) subjects

Study/patient status Leflunomide Placebo Sulfasalazine Total

MN301

Enrolled (ITT cohort) 133 (100%) 92 (100%) 133 (100%) 358 (100%)

Completed (6 months) 96   (72%) 51   (55%) 83   (62%) 230   (64%)

MN303

Enrolled* 80   (60%) 41 to SSZ** 76   (57%) 197   (55%)

Completed (12 months) 71   (53%) 29 68   (51%) 168   (47%)

MN305

Enrolled* 60   (45%) 26 60   (45%) 146   (41%)

Completed (24 months) 53   (40%) 21 47   (35%) 121   (34%)

* Some patients who completed MN301 or MN303 elected not to continue in the next extension protocol.
These patients were equally distributed between responders and nonresponders.

** Patients who received placebo in MN301 were switched to sulfasalazine in a blinded manner at the start
of MN303 and continued on sulfasalazine in MN305.  These patients are not included in the analyses of
the sulfasalazine treatment group.

1.1.2.3   MN304

MN304 was a double-blind extension of study MN302 to investigate the safety of leflunomide during
long-term use in RA patients, to assess the relative efficacy and safety profile of leflunomide
compared with methotrexate during long-term treatment, and to investigate population pharmaco-
kinetics.  In the original protocol for MN304, blinded treatment was to be continued until the database
for MN302 had been unblinded.  The double-blind treatment period was, however, subsequently
extended by an amendment to allow all patients to complete 2 years of treatment.  The amendment
addressed recommendations made by the FDA, European regulatory authorities, and independent
experts in the field of rheumatology.  At the start of MN304, all patients continued on the same
dosage of leflunomide or methotrexate that they had been taking at the completion of MN302.
Results of MN302 were previously reported in the original NDA submission.
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The HAQ was used in MN302/304 to gather information on patient functional impairment over
2 years.  Assessments were made at baseline, weeks 2, 4, 6, 8, 12, 24, 36, 52, 76, 104, or when the
patient discontinued early.

Patient accountability in MN302/304 is summarized in the following table:

Patient accountability in MN302/304
No. (%) subjects

Study/patient status Leflunomide Methotrexate Total

MN302

Enrolled (ITT cohort) 501 (100%) 498 (100%) 999 (100%)

Completed (12 months) 349   (70%) 387   (78%) 736   (74%)

MN304

Enrolled* 292   (58%) 320   (64%) 612   (61%)

Completed (24 months) 256   (51%) 277   (56%) 533   (53%)

* Some patients who completed MN302 elected not to continue in MN304.  These
patients were equally distributed between responders and nonresponders.
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1.2   Physical Function/Health-Related Quality of Life Instruments

Physical function / health-related quality of life were assessed in US301 by means of the HAQ, PET,
SF-36, MOS Current Health, and WPQ.  The HAQ was used in MN304 and MN305.  This section
describes each of these measures used for the statistical analyses that are presented in the
supplemental NDA.  Physical function and health-related quality of life instruments are often referred
to as “patient-reported outcome” measures.  This collective term will be used in the subsequent
sections of this Briefing Document.

1.2.1   Scales used for patient-reported outcome measures

The following table summarizes the physical function/health-related quality of life characteristics that
each scale measures. Copies of patient questionnaires for these scales are provided in Appendix 3.

Physical function / health-related quality of life assessment scales

Scale
Item
number Focus of scale

HAQ
Overall difficulty and
weighted difficulty

1-24 difficulty with performing basic tasks

Overall health 25 perception of overall health

PET 1-24 difficulty and importance of performing basic tasks

SF-36
Physical functioning 3a-3j limitations of physical function

Role limitations due to
physical problems

4a-4d difficulty performing usual activities due to physical
problems

Bodily pain 7, 8 amount of discomfort and its interference with
activities

General health 1, 11a-d perception of overall personal health

Vitality 9a, 9e, 9g, 9i pep and energy

Social functioning 6, 10a social contacts and activities

Role limitations due to
emotional health

5a-5c difficulty performing usual activities due to
emotional problems

Mental health 9b, 9c, 9d, 9f, 9h depression and anxiety

Health transition 2 comparison of health to a year ago

MOS Current Health
Current health perceptions 11e-f perception of current health

WPQ
Work problems 14 a-d frequency of work problems
Work productivity 15 a-j difficulty performing work tasks
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1.2.1.1   Health Assessment Questionnaire (HAQ)

The HAQ is a validated instrument developed to assess disease-specific physical function and degree
of disability in patients suffering from RA [5, 13].  It consists of various questions relating to eight
categories (dressing and grooming, rising, eating, walking, hygiene, reach, grip, and activities).  HAQ
is one of the two instruments that are recognized by the FDA in the 1999 Guidance document for
assessing the prevention of disability [4].

The HAQ Disability Index (HAQ DI) uses the scores of the worst items within each of the eight
categories, modified by the use of devices and aids.  In the event that a patient indicates that he/she
uses a device or aid to perform a task, the score for the associated category increases to 2 (“able to do
with much difficulty”) if it was previously 0 or 1.

1.2.1.2   Problem Elicitation Techniques (PET)

The self-completed PET questionnaire was derived from the interview-based McMaster Toronto
Arthritis Patient Preference Disability Questionnaire (MACTAR). The HAQ investigates the level of
difficulty patients report when performing each item in the questionnaire. The PET builds on the
HAQ by inquiring which of these physical activities are most affected by RA and which they would
most like to see improved by treatment. Patients rank the difficulty, severity, and/or frequency of
performing these activities and are then asked to rate their level of importance.  Therefore, the PET is
structured to demonstrate changes in physical function judged important to the patient.

The weighted top 5 score of the PET is calculated as follows: the difficulty score for each patient is
first multiplied by its importance, all items are then ranked and the top 5 items are averaged to give
the weighted top 5 score.

1.2.1.3   Medical Outcomes Study 36-Item Short Form (SF-36)

The SF-36 is a generic health-related quality of life instrument and is also recommended in the 1999
FDA Guidance, in addition to being a disease-specific instrument [4].  It has proved to be valid and
reliable in a large number of indications and patient populations (e.g., cardiovascular disease, low
back pain, diabetic foot ulcers, total knee replacement, and dialysis) [26].  It was developed in the US
and designed to represent eight of the most important health concepts:  physical functioning, role-
physical, bodily pain, general health, vitality, social functioning, role-emotional, and mental health.
In addition, a single question assesses reported health transition.  Each domain generates a
transformed score in the range 0–100, with 0 being the worst score and 100 the best.

In addition to the scores for the eight SF-36 domains, two summary scores were calculated for the
physical and mental component summary scores (PCS and MCS, respectively) as described in the
SF-36 Physical and Mental Health Summary Scales User’s Manual [25].  The two summary scores
were calculated based on a weighted linear combination of the eight SF-36 domains.  The instrument
was developed so that the general population has a mean score of 50 with a standard deviation of 10.

1.2.1.4   MOS Current Health

The MOS Current Health scale is a generic measure of health status.  It was developed by the RAND
Corporation to assess the subject’s own rating of overall current health [18].  The MOS Current
Health scale generates a transformed score in the range 0–100, with 0 being the worst score and 100
being the best.
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1.2.1.5   Work Productivity Questionnaire (WPQ)

The WPQ comprises 14 questions that measure “on the job” impact of RA and its treatment [11].
This self-assessment instrument was used to measure the degree to which chronic health problems
interfered with the ability to perform job roles.

The WPQ was used because the SF-36 scales examining disability are relatively broad and only
distinguish a limited range of disability levels.  The WPQ was designed to fill this gap and measure
“on the job” impact of RA and its treatment.

1.2.2   Statistical methodology for patient-reported outcomes

The 2-year data on physical function and health-related quality of life were obtained from the three
pivotal studies and analyzed in support of this claim.  The report for the 2-year data, from which
information for this Briefing Document was extracted, is provided in the supplemental NDA.

The primary endpoint for efficacy was at 12 months in US301 and MN302 and at 6 months in
MN301.  Treatment group comparisons of leflunomide versus placebo and active controls
(methotrexate or sulfasalazine) were conducted at these primary endpoints.  Maintenance of effects
was evaluated between 12 and 24 months of treatment within treatment groups.

The analyses of patient-reported outcomes presented in this document were performed on the
intention-to-treat (ITT) and year-2 cohorts in order to evaluate physical function and health-related
quality of life:

½ The ITT cohort includes all patients initially enrolled into US301, MN301, and MN302 who
took at least one dose of study medication.

½ The year-2 cohort includes all patients initially enrolled into US301, MN301, and MN302 and
who entered a 2nd year of treatment.

The following comparisons were performed:

• Leflunomide versus placebo in the ITT population using last-observation-carried-forward
(LOCF) methodology at the primary endpoint for each protocol and at 24 months

• Leflunomide versus methotrexate in the ITT population using LOCF at the primary endpoint
for each protocol and at 24 months

• Leflunomide versus sulfasalazine  in the ITT population using LOCF at the primary endpoint
for each protocol and at 24 months

• Leflunomide versus methotrexate in the year-2 cohort using LOCF

• Leflunomide versus sulfasalazine in the year-2 cohort using LOCF

• To assess the maintenance of effects during the second year of treatment, the 24-month data
were compared with the 12-month data within each treatment group for the year-2 cohort
using LOCF.
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In the year-2 cohort, statistical comparisons with placebo were not performed due to the predictably
small number of placebo patients.

Treatment comparisons for the ITT population were performed by analysis of covariance (ANCOVA)
with treatment, region, disease duration, time since last disease-modifying antirheumatic drug
(DMARD), pairwise interactions with treatment as factors, and baseline as covariate.  For the analysis
of the year-2 cohort, baseline imbalances for the above-mentioned covariates were not significant.
Therefore the model was reduced to treatment, region, and treatment x region interaction.

In addition, a sensitivity analysis was performed to evaluate the robustness of the analyses described
above.  The methodology for the sensitivity analysis is described in Section 1.1.3.4.2.1   Methodology
of sensitivity analysis.
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1.3   Results for Patient-Reported Outcomes

1.3.1   Rationale for presentation of patient-reported outcomes

Placebo-controlled clinical trials are still considered to provide the most convincing basis for
assessing the efficacy and safety of a compound.  However, in RA patients, placebo-controlled trials
(especially long-term trials of at least 2 years’ duration) are difficult to conduct and in the future will
be increasingly difficult to justify [27].

In view of the fact that it is difficult to conduct long-term placebo-controlled studies of at least
2 years, all available evidence on efficacy should be used as a basis for an indication claim.  In
addition, the high withdrawal rate in the placebo group in study US301 makes it even more difficult
to base the assessment of efficacy solely on an ITT analysis.  The following rationale for the
presentation of the results was used to allow a comprehensive assessment of the effects of
leflunomide on patient-reported outcomes:

• ITT analysis of all studies and all treatment groups after 1 year of treatment
(Section 1.1.3.2   Year-1 results in ITT population)

• analysis of year-2 cohort including maintenance of treatment effects within the active treatment
groups (Section 1.1.3.3   Results for Year-2 Cohort)

• ITT analysis of all studies for the 2-year data (including the comparison of leflunomide with
placebo in study US301) (Section 1.1.3.4.1   LOCF analysis)

• a supportive sensitivity analysis to assess the robustness of the ITT 2-year analysis with regard to
the missing data caused by early withdrawals (Section 1.1.3.4.2   Sensitivity analysis).

The evidence from these approaches forms the basis for demonstrating the efficacy of leflunomide in
improving physical function in RA patients.

1.3.2   Year-1 results in ITT population

The ITT cohort includes all patients initially enrolled into US301, MN301, and MN302 who took at
least one dose of study medication.
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1.3.2.1   HAQ DI results at 6 and 12 months (US301, MN301/303 and MN302)

The following table summarizes the mean changes in the HAQ DI for each Phase III study.

Mean change from baseline to endpoint for the HAQ DI (ITT population)

Study/treatment group N
Baseline
HAQ DI Mean change (%) at endpoint

US301 (12 months)

   Leflunomide 166 1.30 –0.45*, ** (–35%)

   Placebo 101 1.31 –0.03 (–2%)

   Methotrexate 169 1.30 –0.26 (–20%)

MN301 (6 months)

   Leflunomide 113 1.65 –0.56*, *** (–34%)

   Placebo 81 1.59 –0.08 (–5%)

   Sulfasalazine 111 1.50 –0.37 (–25%)

MN301/303 (12 months)

   Leflunomide 65 1.68 –0.67 (–40%)

   Sulfasalazine 61 1.42 –0.53 (–37%)

MN302 (12 months)

   Leflunomide 464 1.50 –0.44*** (–29%)

   Methotrexate 463 1.52 –0.54 (–36%)

 * Indicates statistically significant difference between leflunomide and placebo (p ≤0.001).
** Indicates statistically significant difference between leflunomide and active comparator (p ≤0.01).
 *** Indicates statistically significant difference between leflunomide and active comparator (p ≤0.05).

Leflunomide treatment demonstrated statistically significantly greater improvements in physical
function than placebo.  In US301 and MN301 statistically significantly greater improvement occurred
with leflunomide than with methotrexate after 12 months or with sulfasalazine after 6 months.
Conversely, in MN302 the methotrexate group showed statistically significantly greater improvement
at 12 months, although notable improvement also occurred in the leflunomide group.

It has been suggested that improvements of 36% from baseline values or 18% better than placebo
would be clinically important in RA patients [6].  More specifically, it has been noted that a change of
–0.22 points in the HAQ DI (i.e., an improvement of 0.22) reflects a clinically meaningful change
[27].  In the three Phase III studies, the results of the leflunomide treatment groups met or exceeded
this level:  the mean HAQ DI improved by 0.44 to 0.67, reflecting clinically meaningful changes.
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Changes between baseline and month 12 for the HAQ DI and its subscales in US301 are shown in the
following diagram.

Study US301: ITT population
Mean changes from baseline to month 12 in HAQ DI and its subscales

 

0.06
0.13

-0.51
-0.44 -0.42

-0.35

-0.49
-0.44 -0.45 -0.48 -0.45

-0.03
-0.13-0.1

-0.02-0.07 -0.06 -0.02

-0.26
-0.31-0.32-0.32

-0.18
-0.1

-0.23-0.27
-0.35

-1

DRES ARIS EATI WALK HYGI REAC GRIP ACTI DI

HAQ DI and subscales

Change in
Scale Scores

placebo leflunomide methotrexate

* ** *** * * *Better

Poor

† † † † † †

 *  Leflunomide is significantly better than placebo at 0.05 level of significance.
 †  Leflunomide is significantly better than methotrexate at 0.05 level of significance.
 Note: Number of patients varies between scales

 
 Scale abbreviations:
 DRES = Dressing WALK = Walking GRIP = Grip
 ARIS = Arising HYGI = Hygiene ACTI = Activities
 EATI = Eating REAC = Reach DI = Disability Index

In US301, statistically significant improvements from baseline to endpoint in the HAQ DI and in all
8 subscale scores were evident in the leflunomide treatment group compared to placebo and 5 of the 8
subscales compared to methotrexate.  The magnitude of improvement in all subscales in the
leflunomide-treated group was clinically meaningful (>0.22) and approached 0.5 in most of the
subscales [7,27].
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Changes between baseline and month 6 for the HAQ DI and its subscales in MN301 are shown in the
following diagram.

Study MN301: ITT population
Mean changes from baseline to month 6 in HAQ DI and its subscales

 

 

0.09
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HAQ DI and subscales

Placebo Leflunomide Sulfasalazine

 
 *  Leflunomide is statistically significantly better than placebo at 0.01 level of significance.
 †  Leflunomide is statistically significantly better than sulfasalazine at 0.05 level of significance.
 
 Scale abbreviations:
 DRES = Dressing  WALK = Walking  GRIP = Grip
 ARIS = Arising  HYGI = Hygiene  ACTI = Activities
 EATI = Eating  REAC = Reach  DI = Disability Index

In MN301, statistically significant improvements from baseline to endpoint in the HAQ DI and in all
HAQ subscale scores were evident in the leflunomide treatment group compared to placebo and in the
HAQ DI and 1 of the 8 subscales compared to sulfasalazine after only 6 months of therapy.  Again, in
the leflunomide group these improvements correspond to score changes exceeding −0.22 points and
are clinically meaningful.

  * * * * * * * * *
 † †

Change in Scale
Scores

Poor

Better

-1
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Changes between baseline and month 12 for the HAQ DI and its subscales in MN302 are shown in
the following diagram.

Study MN302: ITT population
Mean changes from baseline to month 12 in HAQ DI and its subscales

 

-0.44
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HAQ DI and subscales

Leflunomide Methotrexate

 
 †  Leflunomide is statistically significantly poorer than methotrexate at 0.05 level of significance.
 
 Scale abbreviations:
 DRES = Dressing  WALK = Walking  GRIP = Grip
 ARIS = Arising  HYGI = Hygiene  ACTI = Activities
 EATI = Eating  REAC = Reach  DI = Disability Index

In MN302, improvement in the leflunomide-treated patients was statistically significantly lower than
in methotrexate patients for the HAQ DI, but not for the individual subscales.  Nonetheless,
improvements in the leflunomide group were clinically meaningful and approached –0.5 in each
subscale.  They were of similar magnitude to the improvements observed in US301 and MN301 and
demonstrate a consistent treatment effect across the three phase III trials.

The difference between the HAQ DI in the leflunomide and methotrexate groups was very small and
considerably less than the minimum clinically important difference for HAQ DI of 0.22 [27].  Thus,
although the observed difference between the treatment groups was statistically significant due to the
large sample sizes, it may not be clinically meaningful.

1.3.2.2   PET results for year 1 (US301 only)

The PET weighted top 5 score ranks the five activities most important to the patient [1,2].  The results
of the weighted top 5 score in US301 are summarized in the table below.

 †

Change in Scale
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Poor

Better

-1
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Study US301: ITT population
Mean changes from baseline to month 12 in PET weighted top 5 score

Parameter Leflunomide Placebo Methotrexate

No. of patients 166 101 170

Baseline mean 21.2 22.4 20.4

Mean change –6.91**, *** –0.66 –3.41

Mean % change 35% 3% 17%

Mean % improvement vs. placebo* 32% -- 13%
*

Percent improvement versus placebo was calculated as follows:
(LEF mean change from baseline – Placebo mean change from baseline)/LEF baseline mean

** Indicates statistically significant difference between leflunomide and placebo (p≤0.0001).
*** Indicates statistically significant difference between leflunomide and methotrexate (p≤0.01).

Results in the leflunomide group were statistically superior to placebo and to methotrexate.  The PET
results are, in a sense, the most sensitive measure of physical function in that the data are
“customized” for each patient and thus reflect improvements in the performance of those activities
most important to each patient.

Mean changes in PET in US301 replicate the changes in HAQ DI.  These combined data indicate
improvement in performance of physical activities important to patients and, in particular, those
activities in leflunomide-treated subjects.

The frequencies of the ten categories that were most often selected by each of the patients as his or
her “top 5” are listed in the following table.

Study US301: ITT population
Frequencies of the ten most commonly selected PET top 5 categories

Category No. patients % patients

Do chores 204 42.5

Stand from chair 203 42.3

Dressing self 195 40.6

Get in/out of bed 163 34.0

Get down 5-lb bag 160 33.3

Open milk carton 148 30.8

Take a tub bath 147 30.6

Open jars previously opened 145 30.2

Shampoo hair 118 24.6

Climb up 5 steps 112 23.3
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1.3.2.3   SF-36, MOS Current Health, and WPQ results for year 1 (US301 only)

Changes in the SF-36 PCS, SF-36 MCS, MOS Current Health, and WPQ in US301 are summarized
in the table below:

Study US301: ITT population
Mean changes from baseline to month 12 for SF-36 summary scores,

MOS Current Health, and WPQ
Parameter Leflunomide Placebo Methotrexate

SF-36 PCS

No. of patients 157 101 162

Baseline mean 30.0 28.9 29.7

Mean change 7.6**, *** 1.0 4.6

Mean % change 25% 3% 15%

Mean % improvement vs. placebo* 22% -- 12%

SF-36 MCS

No. of patients 157 101 162

Baseline mean 46.8 48.3 48.5

Mean change 1.5 0.8 0.9

Mean % change 3% 2% 2%

Mean % improvement vs. placebo* 1% -- 0%

MOS Current Health

No. of patients 156 100 164

Baseline 44.8 41.1 42.0

Mean change 8.7 4.2 9.8

Mean % change 19% 10% 23%

Mean % improvement vs. placebo* 9% -- 13%

Work Productivity Questionnaire

No. of patients 138 92 148

Baseline mean 53.3 52.9 51.9

Mean change 9.8** 0.3 7.5

Mean % change 18% 0.5% 14%

Mean % improvement vs. placebo* 18% -- 14%
*

Percent improvement versus placebo was calculated as follows:
(LEF mean change from baseline – Placebo mean change from baseline)/LEF baseline mean

** Indicates statistically significant differences between leflunomide and placebo p <0.001.
*** Indicates statistically significant difference between leflunomide and methotrexate p <0.02.

There was a statistically significant difference between the leflunomide and placebo groups in the
SF-36 PCS, but not in the SF-36 MCS.  The MCS improved only slightly, but this was expected
because patients had baseline scores close to normal. The MOS Current Health score did not
demonstrate a statistically significant difference between treatment groups.
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Mean changes in work productivity showed statistically significant improvement with leflunomide
treatment compared to placebo (p=0.0024) but not compared to the methotrexate treatment group.
This is interpreted to mean that patients treated with leflunomide had higher productivity at work,
home, or school.

The figure below summarizes mean changes in the subscale scores of the SF-36 and demonstrates the
efficacy of leflunomide compared to placebo and methotrexate, as judged by the patient.

Study US301: ITT population
Mean changes from baseline to month 12 in SF-36 scales
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The leflunomide treatment group showed significant improvements in 5 of the 8 SF-36 subscale
scores compared to placebo and in two of the subscale scores compared to methotrexate.  Statistically
significant improvement compared to placebo was evident in physical functioning, pain, general
health, vitality, and social role domains.  Improvement in the physical functioning domain is
consistent with the HAQ DI and PET results.  Of interest, leflunomide-treated patients reported
statistically significant improvements in bodily pain and vitality compared to methotrexate-treated
patients.  It has been noted that a change of 10 points in SF-36 is clinically meaningful [27].
Leflunomide subjects had improvements of over 10 points in 4 of the subscales, and almost 10 on
3 more (including social function and role emotional in addition to the physical domain scales).

1.3.2.4   Summary and conclusions for 6 and 12 month data (ITT)

In summary, statistically significant improvements in physical function (HAQ DI) and health-related
quality of life (SF-36) were evident in leflunomide-treated patients; the improvements were
statistically significantly superior to placebo and clinically meaningful.  In the trials US301 and
MN301, leflunomide results for the HAQ DI and several of its subscales were also statistically
superior to those of the two active control medications (methotrexate and sulfasalazine, respectively).
For US301, results of the PET showed leflunomide to be superior to placebo and methotrexate on
activities important to the patient.

The active-controlled trial MN302 showed methotrexate to be statistically superior to leflunomide
with regard to the HAQ DI.  However, the difference between the two treatment groups was small
(0.10) and may not reflect a clinically meaningful difference (0.22 according to [27]).  Furthermore,
the magnitude of change in the mean HAQ DI for the leflunomide group in MN302 was similar to
that in US301 and MN301.

The results of the SF-36 PCS were in agreement with the results of the HAQ DI and PET in US301.

Leflunomide-treated patients clearly improved in the performance of essential activities of daily
living as well as moderate and vigorous activities that are discretionary in nature, such as walking a
block or mile, or climbing stairs.

1.3.3   Results for Year-2 Cohort

The year-2 cohort includes all patients initially enrolled into US301, MN301, and MN302 and who
entered a 2nd year of treatment.

1.3.3.1   Demographic and baseline results for year-2 cohort

Study US301

The demographic and baseline characteristics of the year-2 cohort in US301 were similar to those of
the ITT cohort (see table below).  The disease duration in the small placebo group was somewhat
longer in the year-2 cohort than in the ITT cohort (10.0 vs. 6.7 years).
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Key demographic and baseline data for the ITT and year-2 cohorts of study US301
ITT cohort Year-2 cohort

Characteristic
Leflunomide

(N=190)
Placebo
(N=128)

Methotrexate
(N=190)

Leflunomide
(N=98)

Placebo
(N=36)

Methotrexate
(N=101)

Female (%) 72.6 71.9 74.2 69.4 69.4 68.3

Mean age (years) 54.0 54.7 53.3 55.2 54.2 53.3

Age ≥ 65 years (%) 22.6 17.2 18.9 24.5 16.7 21.8

Race (%)

Caucasian 88.9 89.1 89.5 92.9 88.9 92.1

Black 5.3 6.3 4.7 2.0 8.3 5.0

Asian 2.1 0 0.5 2.0 0 1.0

Other 3.7 4.7 5.3 3.1 2.8 2.0

Mean RA duration (years) 6.9 6.7 6.5 5.9 10.0 6.7

Mean number of prior
DMARD treatments

0.8 0.9 0.9 0.8 0.9 0.9

Mean tender joint count 15.5 16.3 15.8 13.4 16.4 14.3

Mean swollen joint count 13.6 14.5 12.9 13.3 14.2 13.0

Study MN305

The demographic and baseline characteristics of the year-2 cohort in MN305 (i.e., patients entering
Year 2 of blinded treatment) were similar to those of the ITT cohort (see table below).

Key demographic and baseline data, ITT and year-2 cohorts of study MN301/303/305
ITT cohort Year-2 cohort

Characteristic
Leflunomide

(N=133)
Sulfasalazine

(N=133)
Leflunomide

(N=60)
Sulfasalazine

(N=60)

Female (%) 75.9 69.2 81.7 68.3

Mean age (years) 58.3 58.9 57.8 58.8

Age ≥65 years (%) 32.3 38.3 33.3 41.7

Race (%)

White 86.5 93.2 86.7 90.0

Black 6.8 3.8 8.3 5.0

Other 6.8 3.0 5.0 5.0

Mean RA duration (years) 7.6 7.4 6.7 6.4

Mean number of prior
DMARD treatments

1.2 1.0 1.0 0.7

Mean tender joint count 18.8 16.7 18.4 15.7

Mean swollen joint count 16.2 15.3 16.7 15.2
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Study MN304

The demographic and baseline characteristics of the year-2 cohort (i.e., patients entering Year 2 of
blinded treatment) in MN304 were similar to those of the ITT cohort of study MN302/304 (see table
below).

Key demographic and baseline data, ITT and year-2 cohorts of study MN302/304
ITT cohort Year-2 cohort

Characteristic
Leflunomide

(N=501)
Methotrexate

(N=498)
Leflunomide

(N=292)
Methotrexate

(N=320)

Female (%) 70.7 71.3 71.2 71.3

Mean age (years) 58.3 57.8 57.7 57.0

Age ≥65 years (%) 30.7 30.1 25.7 27.2

Race (%)

White 98.8 98.6 99.3 98.8

Black 0.6 0.6 0.7 0.6

Other 0.6 0.8 0.0 0.6

Mean RA duration (years) 3.7 3.8 3.5 3.8

Mean number of prior
DMARD treatments

1.1 1.1 1.0 1.1

Mean tender joint count 17.2 17.7 16.9 17.2

Mean swollen joint count 15.8 16.5 16.0 16.1
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1.3.3.2   HAQ DI results for year-2 cohort (US301, MN305, and MN304)

1.3.3.2.1   HAQ DI and PET results for year-2 cohort in US301

Changes in HAQ DI and PET from baseline to month 24 (LOCF) for year-2 cohort in US301

The following table summarizes mean changes in HAQ DI and PET from baseline to month 24 in
US301.

Study US301:  year-2 cohort
Mean changes from baseline to month 24 (LOCF) in HAQ DI

and PET weighted top 5 score
Parameter Leflunomide Methotrexate

HAQ DI

     No. of patients 97 101

     Baseline mean 1.2 1.2

     Mean change –0.60* –0.37

     Mean % change 50% 31%

PET weighted top 5

     Baseline mean 19.9 18.4

     Mean change –9.12** –4.34

     Mean % change 46% 24%

* Statistically significant difference between leflunomide and
methotrexate, p=0.0050

** Statistically significant difference between leflunomide and
methotrexate, p=0.0098

The mean change in HAQ DI showed statistically significant superiority of leflunomide compared to
methotrexate at month 24.  Improvement from baseline exceeded the 0.22-point threshold for clinical
significance with both treatments, and the percentage change recommended by OMERACT [6], i.e.
36%, with leflunomide.

In the PET weighted score for the 5 activities most important to the patient, the leflunomide treatment
group showed statistically significantly greater improvement compared to the methotrexate group.
Therefore, improvements that were “customized” for each patient showed a statistically significantly
greater improvement in the leflunomide group.
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Changes between baseline and month 24 for the HAQ DI and its subscales in US301 are shown in the
figure below.

Study US301:  year-2 cohort
Mean changes from baseline to month 24 (LOCF) in HAQ DI and its subscales
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EATI = Eating REAC = Reach DI = Disability Index

At 24 months, the leflunomide treatment group showed statistically significant improvements when
compared to methotrexate in HAQ DI and 4 of the 8 subscales, namely dressing, hygiene, reach, and
grip.  Furthermore, overall disability (as evidenced by the HAQ DI) showed a statistically significant
improvement over methotrexate.

Maintenance of improvements in HAQ DI for year-2 cohort in US301 (LOCF)

The following diagrams show the scores for the HAQ DI and its subscales over time in leflunomide-
and methotrexate-treated patients in US301.
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Study US301: year-2 cohort
Mean HAQ DI and subscales over time in leflunomide-treated patients
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The HAQ DI demonstrated that treatment effects for leflunomide and methotrexate were maintained
between months 12 and 24.  The 95% confidence intervals (CI) for the difference between month 12
and month 24 within treatment groups include zero and do not exceed the threshold for clinical
relevance (0.22) as shown in the table below.

Summary of ANCOVA for HAQ DI in year-2 cohort of US301 (LOCF)

Treatment group
Mean difference

(month 24–month 12 ) 95% CI p-value

Leflunomide 0.014 (–0.047, 0.075) 0.6569

Methotrexate 0.013 (–0.067, 0.092) 0.7503

Therefore, the use of leflunomide or methotrexate for up to 24 months maintained physical function
improvements that were demonstrated at 12 months and already evident after 6 months of treatment.

1.3.3.2.2   HAQ DI results for year-2 cohort in MN305

Changes in HAQ DI from baseline to month 24 (LOCF) for year-2 cohort in MN305

The table below summarizes mean changes from baseline to month 24 for the HAQ DI in MN305.

Study MN305:  year-2 cohort
Mean change from baseline to month 24 in HAQ DI

Parameter Leflunomide Sulfasalazine

No. of patients 51 46

Baseline mean 1.6 1.5

Mean change –0.73 –0.56

Mean % change 46% 37%

The changes in the HAQ DI for the leflunomide and sulfasalazine treatment groups clearly exceeded
the clinically meaningful threshold of –0.22 and those recommended by OMERACT (36%).  The
mean change in HAQ DI showed no statistically significant difference between the two treatment
groups.
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Changes between baseline and month 24 for the HAQ DI and its subscales in MN305 are shown in
the figure below.

Study MN305: year-2 cohort
Mean changes from baseline to month 24 (LOCF) in HAQ DI and its subscales
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Scale abbreviations:
DRES = Dressing WALK = Walking GRIP = Grip
ARIS = Arising HYGI = Hygiene ACTI = Activities
EATI = Eating REAC = Reach DI = Disability Index

Patients in the leflunomide treatment group demonstrated a greater response than the sulfasalazine
group on all subscales of the HAQ DI.  Changes for all subscales except walking exceeded –0.7,
indicating clinically meaningful changes.  These data support the same trend seen with the year-1
data.

Maintenance of improvements in HAQ DI for year-2 cohort in MN305 (LOCF)

The following diagrams show the scores for the HAQ DI and its subscales over time in leflunomide-
and sulfasalazine-treated patients in MN305.
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Study MN305: year-2 cohort
Mean HAQ DI and subscales over time in leflunomide-treated patients
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The HAQ DI demonstrated that treatment effects for leflunomide and sulfasalazine were maintained
between months 12 and 24.  The 95% CIs for the difference between month 12 and month 24 within
treatment groups include zero and do not exceed the threshold for clinical relevance (0.22) as shown
in the table below.

Summary of ANCOVA for HAQ DI in year-2 cohort of MN305 (LOCF)

Treatment group
Mean difference

(month 24–month 12 ) 95% CI p-value

Leflunomide –0.028 (–0.105, 0.050) 0.4775

Sulfasalazine 0.060 (–0.035, 0.154) 0.2090

Therefore, the use of leflunomide or sulfasalazine for up to 24 months maintained physical function
improvements that were demonstrated at 12 months and already evident after 6 months of treatment.

1.3.3.2.3   HAQ DI results for year-2 cohort in MN304

Changes in HAQ DI from baseline to month 24 (LOCF) for year-2 cohort in MN304

The table below summarizes mean changes from baseline to month 24 for the HAQ DI in MN304.

Study MN304:  year-2 cohort
Mean change from baseline to month 24 (LOCF) in HAQ DI

Parameter Leflunomide Methotrexate

No. of patients 248 273

Baseline mean 1.5 1.5

Mean change –0.48 –0.56

Mean % change 32% 37%

The changes in the HAQ DI for the leflunomide and methotrexate treatment groups clearly exceeded
the clinically meaningful threshold of –0.22. T he mean change in HAQ DI showed no statistically
significant difference between the two treatment groups.
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Changes between baseline and month 24 for the HAQ DI and its subscales in MN304 are shown in
the figure below.

Study MN304: year-2 cohort
Mean changes from baseline to month 24 (LOCF) in HAQ DI and its subscales
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 Scale abbreviations:
 DRES = Dressing  WALK = Walking  GRIP = Grip
 ARIS = Arising  HYGI = Hygiene  ACTI = Activities
 EATI = Eating  REAC = Reach  DI = Disability Index

The changes for each scale in the leflunomide treatment group approached or exceeded –0.4,
representing clinically important differences.

Maintenance of improvements in HAQ DI for year-2 cohort in MN304 (LOCF)

The following diagrams show the scores for the HAQ DI and its subscales over time in leflunomide-
and methotrexate-treated patients in MN304.
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Study MN304: year-2 cohort
Mean HAQ DI and subscales over time in leflunomide-treated patients
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In the leflunomide group, physical function improvements demonstrated at 12 months were
maintained at 24 months in 4 of the 8 subscales, namely arising, eating, walking, and activities.
Improved functioning for all scales was evident following 6 months of treatment.  This clinically
meaningful change was also evident following 12 and 24 months of treatment.  The HAQ DI and the
remaining 4 subscale scores increased; however, the increases were small and do not represent
clinically meaningful changes.  This is supported by the fact that the 95% CI for the mean change in
HAQ DI (0.029, 0.140) does not include zero (statistically significant difference); however, it
excludes 0.22, the change needed for clinically important differences.

In the methotrexate group, physical function improvements demonstrated at 12 months were
maintained at 24 months in the HAQ DI and all subscales except walking, which increased.

Summary of ANCOVA for HAQ DI in year-2 cohort of MN304 (LOCF)

Treatment group
Mean difference

(month 24–month 12 ) 95% CI p-value

Leflunomide 0.084 (0.029, 0.140) 0.0032

Methotrexate 0.043 (–0.008, 0.094) 0.0999

1.3.3.3   SF-36, MOS Current Health, and WPQ for year-2 cohort (US301 only)

Changes in SF-36, MOS Current Health, and WPQ from baseline to month 24 (LOCF) for year-2
cohort in US301

Changes in the SF-36 PCS, SF-36 MCS, MOS Current Health, and WPQ in US 301 are summarized
in the table below.

Study US301:  year-2 cohort
Mean changes from baseline to month 24 (LOCF) for SF-36 PCS, SF-36 MCS,

MOS Current Health, and WPQ
Parameter Leflunomide Methotrexate

SF-36 PCS

No. of patients 93 97

Baseline mean 30.9 30.2

Mean change 10.8 8.4

Mean % change 35% 28%

SF-36 MCS

No. of patients 93 97

Baseline mean 48.5 49.8

Mean change 4.7 2.7

Mean % change 10% 5%

MOS Current Health

No. of patients 91 97

Baseline mean 49.2 43.8
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Parameter Leflunomide Methotrexate

Mean change 16.8 17.3

Mean % change 34% 39%

Work Productivity Questionnaire

No. of patients 74 77

Baseline mean 54.5 54.7

Mean change 14.2 11.5

Mean % change 26% 21%

The changes from baseline to month 24 in the SF-36 PCS, SF-36 MCS, MOS Current Health score,
and WPQ showed no statistically significant differences between the leflunomide and methotrexate
treatment groups.  Improvement in PCS and MCS Scores for year-2 cohort patients receiving
leflunomide and methotrexate is shown in the figure below.

US301: Improvement in PCS and MCS Scores
Leflunomide and Methotrexate: Year-2 Cohort
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Mean changes in the subscale scores of the SF-36 at month 24 are shown in the figure below.

Study US301:  year-2 cohort
Mean changes from baseline to month 24 (LOCF) in SF-36 scales

22.69

33.96

30.13

9.44

19.07
17.88

22.4

8.44

16.86

25.5

19.18

8.96

12.5 12.5

8.01
6.83

0

4

8

12

16

20

24

28

32

36

PFI ROLP PAIN GHP VITAL SOC ROLE MHI

SF-36 scales

Change in 
Scale Scores

methotrexate leflunomide

*

Better

Poor

*
*

*  Leflunomide is significantly better at 0.05 level of significance.
Note: Number of patients varies between scales.

Scale abbreviations:
PFI = Physical Functioning GHP = General Health Perception ROLE = Role Emotional
ROLP = Role Physical VITAL = Vitality MHI    = Mental Health
PAIN   = Bodily Pain SOC   = Social Functioning

The leflunomide treatment group showed significantly greater improvements compared to
methotrexate in the three following SF-36 subscales:  bodily pain, vitality, and role emotional.

Maintenance of improvements in SF-36 for year-2 cohort in US301 (LOCF)

The following diagrams show the SF-36 subscale scores over time for leflunomide- and methotrexate-
treated patients in US301.
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Study US301:  year-2 cohort
Mean SF-36 scales over time in leflunomide-treated patients
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The improvement in health-related quality of life, as measured by the SF-36 scales, demonstrated that
treatment effects for leflunomide and methotrexate were maintained between months 12 and 24.  The
95% CIs for the summary scales include zero and do not exceed the threshold for clinical relevance
(10 points [20]) as shown in the table below.

Summary of ANCOVA for SF-36 summary scores in year-2 cohort of US301 (LOCF)

Treatment group
Mean difference

(month 24–month 12 ) 95% CI p-value

SF-36 PCS

Leflunomide 0.971 (–2.392, 0.450) 0.1781

Methotrexate 0.244 (–1.185, 1.673) 0.7353

SF-36 MCS

Leflunomide 0.726 (–0.863, 2.316) 0.3666

Methotrexate 0.106 (–1.212, 1.425) 0.8731

Therefore, the use of leflunomide or methotrexate for up to 24 months maintained improvements in
health-related quality of life (as measured by the SF-36 scales) that were demonstrated at 12 months
and already evident after 6 months of treatment.

Compared with age and gender-adjusted US norms, improvements in the year-2 cohort approached
normative values in the leflunomide treatment group, as shown in the following figure.

US301 Year-2 Cohorts:  Mean Improvement in SF-36 Leflunomide and Methotrexate
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1.3.3.4   Summary and conclusions for year-2 cohort

Treatment with leflunomide demonstrated statistically significant and clinically meaningful changes
at the end of 1 year of treatment for the HAQ DI in all three studies as well as for PET, SF-36, MOS
Current Health, and WPQ in US301.  The improvements in HAQ DI seen in patients treated with
leflunomide over 24 months represent clinically meaningful improvements that are twice the
recommended threshold of –0.22.

The leflunomide treatment group statistically significantly demonstrated the maintenance of improved
physical function (US301 and MN305) and health-related quality of life (US301) over 2 years and in
several function scales of MN304.  There were no clinically meaningful changes between month 12
and month 24 within any of the leflunomide groups.

These data support the efficacy of leflunomide with regard to physical function and health-related
quality of life.

1.3.4    2-Year Results (ITT Population)

1.3.4.1   LOCF analysis

The changes in HAQ DI and SF-36 summary scores from baseline to month 24 within each treatment
group are summarized in the following table.
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Mean changes from baseline to month 24 for HAQ DI and SF-36 summary scores
in Phase III studies:  ITT population

Parameter Leflunomide Placebo Sulfasalazine Methotrexate

HAQ DI (US301)

No. of patients 179 121 – 179

Baseline mean 1.3 1.4 – 1.3

Mean change –0.427*, ** –0.062 – –0.256

HAQ DI (MN305)

No. of patients 114 81 111 –

Baseline mean 1.649 1.591 1.496 –

Mean change –0.577*, ** –0.078 –0.374 –

HAQ DI (MN304)

No. of patients 462 – – 457

Baseline mean 1.503 – – 1.522

Mean change –0.411 – – –0.522**

SF-36 MCS (US301)

No. of patients 168 116 – 171

Baseline mean 46.7 47.7 47.9

Mean change 1.971 1.213 – 1.423

SF-36 PCS (US301)

No. of patients 168 116 – 171

Baseline mean 30.1 29.2 – 29.4

Mean change 7.069*, ** 1.825 – 4.831

PET (US301)

No. of patients 179 122 - 180

Baseline mean 20.8 22.7 - 20.6

Mean change -6.3*,** -1.4 - -3.4

* Indicates statistically significant differences between leflunomide and placebo p<0.001.
** Indicates statistically significant differences between leflunomide and methotrexate or

sulfasalazine p<0.05.
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The following table summarizes the ANCOVA analysis of differences between treatment groups in
change from baseline to month 24 for the ITT population using LOCF.

Summary of ANCOVA for change from baseline to month 24
in ITT populations of Phase III studies (LOCF)

Variable/treatment
comparison

Mean adjusted
difference 95% CI p-value

HAQ DI (US301)*

LEF – PBO –0.397 (–0.539,–0.255) <0.0001

LEF – MTX –0.236 (–0.381,–0.091) 0.0015

MTX – PBO –0.164 (–0.305,–0.022) 0.0233

HAQ DI (MN305)*

LEF – PBO –0.497 (–0.651, –0.344) <0.0001

LEF – SSZ –0.175 (–0.330, –0.019) 0.0279

HAQ DI (MN304)*

LEF – MTX 0.106 (0.028, 0.183) 0.0077

SF-36 MCS (US301)**

LEF – PBO 0.554 (–2.328, 3.435) 0.7056

LEF – MTX 0.427 (–2.196, 3.050) 0.7491

MTX – PBO 0.161 (–2.429, 2.751) 0.9027

SF-36 PCS (US301)**

LEF – PBO 6.581 (3.725, 9.437) <0.0001

LEF – MTX 3.955 (0.963, 6.946) 0.0097

MTX – PBO 2.729 (–0.122, 5.580) 0.0606

LEF = leflunomide, MTX = methotrexate, PBO = placebo, SSZ = sulfasalazine

* For HAQ DI, a negative adjusted mean difference represents an advantage for the first of the
two treatment groups listed in the first column.

** For the SF-36 summary scores, a positive adjusted mean difference represents an advantage
for the first of the two treatment groups listed in the first column.

Leflunomide treatment demonstrated statistically significantly greater improvements in HAQ DI than
placebo in studies US301 and MN301/303/305.  In these studies statistically significantly greater
improvement also occurred in the leflunomide groups compared to methotrexate or sulfasalazine.
Conversely, results in MN304 showed a statistically significant greater improvement in the
methotrexate group compared to leflunomide, although notable improvements occurred in both active
treatment groups.

It has been noted that a change of –0.22 points in the HAQ DI (i.e., an improvement of 0.22) reflects
a clinically meaningful change [27].  In the leflunomide treatment group, all measures met or
exceeded this level: the mean HAQ DI improved by 0.44 to 0.67, reflecting a clinically meaningful
change in all studies.

In study US301, leflunomide was statistically significantly superior to placebo and methotrexate in
the SF-36 PCS.

p00048



Briefing Document
ARAVA (leflunomide [HWA 486])

Page 49

In summary, the analysis of the ITT population at month 24 (LOCF) demonstrated statistically
significant and clinically meaningful improvements in physical function and health-related quality of
life for leflunomide compared to placebo.

1.3.4.2   Sensitivity analysis

1.3.4.2.1   Methodology of sensitivity analysis

Missing data due to withdrawals is one of the major issues in the analysis of controlled clinical trials
and is especially important in long-term, placebo-controlled trials.  A sensitivity analysis was,
therefore, performed to demonstrate the robustness of the treatment effects shown in the year-2 and
ITT (LOCF) analyses described in Sections 1.3.2,1.3.3, and 1.3.4.1.

Furthermore, sensitivity analysis based on the subset of patients who continued in the long-term
therapy protocols evaluates the plausibility of clinical outcomes that would be required to invalidate
statistically significant results.

The sensitivity analysis employed repeated random sampling from the non-missing cases to replace
missing data from the same treatment group in the ITT population.  The three following non-missing
cohorts were used for sampling purposes:

1. Completers with month 24 data:  Patients completing 24 months of treatment and with HAQ DI
and SF-36 PCS data at week 104.

2. Completers with LOCF:  Patients completing 24 months of treatment using LOCF for those
without HAQ DI or SF-36 PCS data at month 24.

3. Patients with data at exit visit:  Patients with HAQ DI or SF-36 PCS assessment at their study exit
visit.  These patients could have completed 24 months of treatment, dropped out of the study
earlier, or switched to alternate therapy.  Data from this subset do not include results from the
alternate therapy phase.

The sensitivity analysis presented in this Briefing Document evaluated the boundary treatment effect
of the cohort without HAQ DI and SF-36 PCS data at month 24 such that statistical significance
would disappear in the ITT population.  A judgment may then be made as to whether such a boundary
effect in the missing data cohort is plausible and realistic.
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1.3.4.2.2   Results of sensitivity analysis

The following table summarizes the results of the sensitivity analysis for the HAQ DI in US301.

Sensitivity analysis of HAQ DI in US301
Analysis approach (type of non-missing cohort)

Parameter
Completers with
month 24 data

Completers with
LOCF

Patients with data
at exit visit

Total patients/patients with non-
missing data

318/78 318/110 318/255

Mean change from baseline to
month 24

Leflunomide

Placebo

Treatment difference

–0.573

–0.311

–0.262

–0.656

–0.252

–0.404

–0.369

–0.027

–0.342

Sensitivity analysis *

Average sampled mean
treatment difference

–0.208 –0.322 –0.335

Average sampled p-value 0.0028 <0.0001 <0.0001

Average boundary values
required in missing cohort to
maintain p≤0.05 (95% CI)**

–0.195

(–0.218, –0.172)

–0.148

(–0.170, –0.125)

0.631

(0.520, 0.741)

* Missing data replaced with data from non-missing cohort.
** Mean treatment difference given as least squares (LS) mean.
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The results of the sensitivity analysis for the HAQ DI in US301 are illustrated in the following
diagram.

Comparison of effects in three non-missing cohorts and ITT (LOCF) for HAQ DI in US301
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Note:  The squares show the point estimates for the treatment differences between placebo and leflunomide in
the non-missing cohorts.  The circles show the average boundary values (with 95% CIs) of the missing cohort
needed to maintain significance (p<0.05) for treatment differences.

The point estimates for the treatment differences in the non-missing cohorts all lie within the 95% CI
for the difference between placebo and leflunomide in the ITT population.

The diagram shows the 95% CIs for the boundary values that would need to be achieved in each of
the three missing cohorts to make the difference in the overall cohort statistically non-significant.  Of
the three cohorts, the cohort of patients with data at exit visit has the smallest proportion of missing
data and the results for these missing data would have to contradict all other data (i.e., placebo would
have to be better than leflunomide) to achieve an overall non-significant result.
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The following table summarizes the results of the sensitivity analysis for the SF-36 PCS in US301.

Sensitivity analysis of SF-36 PCS in US301
Analysis approach (type of non-missing cohort)

Parameter
Completers with
month 24 data

Completers with
LOCF

Patients with data
at exit visit

Total patients/patients with
non-missing data

318/80 318/110 318/248

Mean change from baseline to
month 24

Leflunomide

Placebo

Treatment difference

10.607

11.955

–1.348

11.670

3.784

7.885

6.582

1.435

5.147

Sensitivity analysis *

Average sampled mean
treatment difference

3.730 6.411 4.967

Average sampled p-value 0.0163 0.0003 0.0008

Average boundary values
required in missing cohort to
maintain p≤0.05 (95% CI)**

1.774

(1.374, 2.173)

1.342

(1.179, 1.505)

–3.484

(–4.172, 2.797)

* Missing data replaced with data from nonmissing cohort.
** Mean treatment difference given as least squares (LS) mean.

Non-missing cohort – completers with month 24 data

When the non-missing cohort is defined as completers with month 24 data, the differences between
the leflunomide and placebo groups in HAQ DI or SF-36 PCS were not statistically significant due to
the small sample sizes.  In the leflunomide treatment group, the number of patients in the missing
cohort was more than double (132/58=2.3) that in the non-missing cohort.  In the placebo group, the
number of patients in the missing cohort was more than five times (108/20=5.4) that in the
nonmissing cohort.

When sensitivity analysis was performed by replacing missing data with data from the non-missing
cohort, the differences were statistically significant in all iterations.  If the missing cohort were
behaving similarly to the non-missing cohort, the difference between leflunomide and placebo would
have been statistically significant in the overall population.
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Non-missing cohort – completers using LOCF

When the non-missing cohort is defined as completers using LOCF, the differences between the two
treatment groups in HAQ DI or SF-36 PCS were statistically significant (p=0.0240 and p=0.0319,
respectively).

When sensitivity analysis was performed by replacing the missing data with data from the non-
missing cohort, the differences were statistically significant in all iterations.  If the missing cohort
were behaving similarly to the non-missing cohort, the difference between leflunomide and placebo
would have been statistically significant in the overall population.

Non-missing cohort – all patients with exit visit data

When the non-missing cohort is defined as all patients with HAQ DI or SF-36 PCS data at their exit
visit, the differences between leflunomide and placebo were statistically significant (p=0.0001 for
HAQ DI and p=0.0021 for SF-36 PCS).

When sensitivity analysis was performed by replacing the missing data with data from the non-
missing cohort, the differences were statistically significant in all iterations.  Furthermore, the
leflunomide performance in the missing cohort would have to be very much worse than that of
placebo in order to nullify the statistically significant difference in the overall population, which is
not clinically plausible.

1.3.4.2.3   Conclusions from sensitivity analysis

The sensitivity analysis used three approaches to replace missing data and showed superiority of
leflunomide over placebo for the HAQ DI and SF-36 PCS.  It thus demonstrated the robustness of the
year-2 cohort and ITT LOCF analyses.

1.3.5  Clinical Relevance

Minimum clinically important difference (MCID)

Mean or median improvements in a treatment group that are statistically significant compared with
placebo frequently are not necessarily clinically meaningful or readily understood. Recent efforts
designed to develop consensus regarding outcome measures in clinical trials have included discussion
of “minimum clinically important differences” [MCID], e.g. degrees of improvement in various
outcome measures that would be perceptible to patients, on an individual basis, and would be
considered clinically meaningful to them. Improvements of 33 to 36% over baseline (or 18% greater
than placebo) are thought to be clinically important [1,2]. Although these definitions are relevant only
on an individual patient basis, when mean and median changes within a treatment group well exceed
such a value it can be estimated that the majority of the group will have attained clinically important
improvements.

In recent longitudinal and randomized controlled trials in RA, OA and SLE, as well as chronic
cardiovascular and pulmonary conditions, changes in a variety of patient assessed outcome measures
including global assessments of disease activity/severity as well as pain and physical function have
been correlated with changes observed in domains of the SF-36 as well as PCS and MCS summary
scores.
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Wyrwich et al. compared the standard error of measurement [SEM] in SF-36 domains to MCID
differences in the Chronic Heart Failure Questionnaire in one RCT, and the Chronic Respiratory
Disease Questionnaire in another [30, 31].  In both studies, a value of one SEM in change scores for
the SF-36 domains closely approximated MCIDs for the disease specific questionnaire components.
The SEMs for SF-36 domain change scores ranged from 7.88 to 15.26 in the first comparison and
7.65 to 14.15 in the second.

Kosinski and Ware compared changes in Health Assessment Questionnaire disability index [HAQ
DI] and SF-36 domains and summary scores with patient global assessments and pain in two RCTs
comparing COX-2 selective agents to traditional NSAIDs in active RA [9].  Mean changes in SF-36
domain scores corresponding to one level of improvement in patient global assessment or pain ranged
from 4.2 to 21.0, and 1.9 to 10.8; 4.4 and 3.0 for PCS and 4.7 and 2.2 for MCS summary scores.
Using the same technique to evaluate the HAQ DI yielded good agreement [-0.24 to -0.22] with
previously published values for MCID of -0.22 [11].  Kujawski, Thumboo, Ehrich, Stucki and others
have suggested that changes of 5 to 10 points in domain and 2.5 to 5 points in PCS and MCS
summary scores are associated with meaningful clinical improvements and can be considered to
represent MCID in RA, SLE and OA [5,6,21,32,33,34,35,36,37,38].

Analyses of clinical trial data from a variety of therapeutic agents in RA have indicated that
improvements of 0.19 to 0.43 in HAQ DI scores correlate with ACR response rates and represent
clinically meaningful changes, or MCID [7,9,14,27]. Similar statistical analyses have suggested that
5 points (or 33%) improvement in the PET top 5 scores are clinically important 7,27].  Although
minimum clinically important differences in SF-36 have not yet been formally defined, Ware,
Kosinski, Thumboo and others have suggested that changes of 5 to 10 points in domain and summary
scores are associated with meaningful clinical improvements [8,9.10,16,20].

Analysis of the distribution of HAQ DI in US301 at 24 months revealed greater improvements (as
defined by the percentage of patients whose score changes exceeded the MCID threshold) with
leflunomide than with methotrexate or placebo, as shown in the figure below.

HAQ DI Distribution at 24 Months, Study US301

0

5

10

15

20

25

30

35

-1
.7

6 
an

d 
gr

ea
te

r

-1
.5

4 
to

 -1
.7

6

-1
.3

2 
to

 1
.5

4

-1
.1

 to
 -1

.3
2

-.8
8 

to
 -1

.1

-.6
6 

to
 -.

88

-.4
4 

to
 -.

66

-.2
2 

to
 -.

44

-.1
1 

to
 -.

22

-.1
1 

to
 0

0 
to

 .1
1

.1
1 

to
 .2

2

.2
2 

to
 .4

4

.4
4 

to
 .6

6

.6
6 

to
 .8

8

.8
8 

to
 1

.1

1.
1 

to
 1

.3
2

1.
32

 to
 1

.5
4

HAQ DI Change

P
er

ce
n

t 
o

f 
S

u
b

je
ct

s

LEF PBO MTX

Improved Unchanged Deteriorated

0

5

10

15

20

25

30

35

-1
.7

6 
an

d 
gr

ea
te

r

-1
.5

4 
to

 -1
.7

6

-1
.3

2 
to

 1
.5

4

-1
.1

 to
 -1

.3
2

-.8
8 

to
 -1

.1

-.6
6 

to
 -.

88

-.4
4 

to
 -.

66

-.2
2 

to
 -.

44

-.1
1 

to
 -.

22

-.1
1 

to
 0

0 
to

 .1
1

.1
1 

to
 .2

2

.2
2 

to
 .4

4

.4
4 

to
 .6

6

.6
6 

to
 .8

8

.8
8 

to
 1

.1

1.
1 

to
 1

.3
2

1.
32

 to
 1

.5
4

HAQ DI Change

P
er

ce
n

t 
o

f 
S

u
b

je
ct

s

LEF PBO MTX

Improved Unchanged Deteriorated

p00054



Briefing Document
ARAVA (leflunomide [HWA 486])

Page 55

Mean changes in the HAQ DI in the leflunomide treatment groups over 24 months were consistent
across the three Phase III trials. Improvements ranged from −0.48 to −0.73, more than twice the
published values considered to represent MCID (0.19 to 0.22), corresponding to changes of 32% to
50% from baseline. They indicate that the majority of patients achieved clinically meaningful
improvements, as summarized in the following table.

 Percentages of leflunomide patients achieving MCID in HAQ DI
Cohort/study 6 months 12 months 24 months

ITT population

US301 71% 71% 61%

MN305 68% 70% 70%

MN304 57% 62% 60%

Year-2 cohort

US301 74% 76% 71%

MN305 76% 78% 80%

MN304 64% 72% 67%

Improvements in upper and lower extremity function, as evidenced by HAQ DI and its individual
subscales indicated that patients in the leflunomide treatment groups improved in:

• dressing and grooming without aid

• arising from a seated position without aid

• cutting food, eating, and drinking without aid

• walking without aid

• maintaining self-hygiene and using a toilet without aid

• reaching and picking up objects from above or from the floor without aids

• strengthened grip

• performing activities (e.g., errands, chores) without aid, and

• overall disability

Improvement in the PET top 5 scores in the leflunomide treatment group in US301 was –9.12 from a
baseline of 19.9, representing a 46% change.  This would be considered well above the estimated
value for MCID. Approximately 40% of the patient population in this study had early disease
(<2 years duration) and/or were DMARD naïve.  Data from the COBRA trial indicated that, although
the HAQ remains the instrument of choice in clinical trials in RA due to its ease of use, the
MACTAR (or PET) is particularly responsive to change in patients with early disease [24].  In
US301, the PET top 5 score indicated that reported changes in physical function were meaningful to
patients, improving performance of those physical activities they considered important and most
wanted changed.

In US301, where a generic measure of health-related quality of life was utilized, the leflunomide
treatment group demonstrated statistically significant improvements in SF-36 domains and the PCS
score compared with placebo and methotrexate after 1 year of treatment. Ruta et al reported that 4 of
the SF-36 domains (pain, vitality, social function and physical function) were most responsive to
change in their cohort of patients with active RA [15]. Similarly, results from US301 demonstrated
changes in the same 4 domains, as well as improvements in the remaining 4 domains. Mean changes
over 24 months in all SF-36 domains approximated or exceeded 10 points, ranging from 8.4 in mental
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health index and 9.4 in general health profile to 19.1 in vitality, 22.4 in role emotional, 30.1 in pain,
and 34.0 in role physical.  These represent several multiples of the proposed MCID values for SF-36.
Improvements maintained over 2 years indicate that patients:

• were better able to perform physical activities without limitations due to health

• had fewer limitations due to pain

• evaluated personal health higher

• experienced more energy or ‘pep’

• performed more social activities without interference from physical or emotional problems, and

• had higher productivity at work, home, or school.

Importantly, a mean improvement of 10.8 from baseline of 30.9, or 35% in the leflunomide SF-36
PCS score (which includes changes in all 8 domains) would be considered to exceed the proposed
definitions of MCID. Despite a baseline SF-36 MCS score of 48.5, which approximates the US norm
of 50, the mean improvement of 4.7 over 24 months would approximate proposed definitions of
MCID.
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In summary, based on changes from baseline in mean scores of HAQ DI in all trials, as well as PET
and SF-36 in US301, the majority of patients in the leflunomide treatment groups achieved
improvements that would be clinically meaningful on an individual basis at 6 months and were still
evident at 2 years.

Similar results from US301 can be seen with the PET top 5 score, ranging from 54% to 68%
achieving MCID.  Using a 5-point change for MCID in the SF-36 PCS and MCS summary scores,
69% of the year-2 cohort patients in the leflunomide treatment group achieved an MCID in the PCS at
6 months and 45% in the MCS at 6 months.  These percentages were maintained after 2 years of
treatment: 67% and 48% of patients maintained improvements in the PCS and MCS, respectively,
greater than or equal to MCID of 5.

Change in HAQ DI over time with treatment

It has been suggested that RA patients treated under standard of care with DMARDs, NSAIDs and
corticosteroids will worsen in HAQ DI by approximately 0.031 points per year, or 0.062 points over
2 years [17]. Several cohort studies have shown that HAQ DI scores remain stable in some patients
but deteriorate in others over 2 to 5 years of conventional treatment with standard-of-care agents.
According to Uhlig et al., after 2 years of treatment (52% of patients with DMARDs, 32% with
corticosteroids, and 38% with NSAIDs), HAQ DI scores remained at the same level as baseline (0.9)
[23]. Young et al reported that, in a cohort of 732 patients with early disease of whom 84% received
DMARDs, 60% worsened in physical function over 5 years (by HAQ DI and ACR functional grade)
[28]. In comparison, in the three phase III trials reported in this Briefing Document, patients receiving
leflunomide had higher HAQ DI scores at baseline (US301: 1.2, MN301: 1.6, MN302: 1.5) yet
showed improvements within or before 6 months treatment that were maintained over 2 years in
patients continuing treatment (endpoints: US301: 0.6, MN305: 0.87, MN304: 1.02).  These values
reflect improvements of 0.60, 0.73, and 0.48, respectively, that all considerably exceed the MCID of
0.22.

Leflunomide: Improvement in HAQ DI, Year-2 Cohorts, 0 to 24 months
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Improvements in HAQ DI scores are reflected in SF-36

In US301, where both generic and disease-specific physical function and health-related quality of life
instruments were utilized, improvements observed with leflunomide treatment in HAQ DI and
individual scores were closely reflected by improvements in SF-36 (see figure below).  These changes
occurred not only in those domains of SF-36 directly associated with physical function (e.g., physical
functioning, role physical and bodily pain) as might be expected, but also in domains such as vitality
and role emotional.  It should be noted that US301 was the first RA study that showed a change in
SF-36, as opposed to an early RA study (MIRA) by Tuttleman et al. [22]. Although a generic measure
of health-related quality of life was not included in the European studies MN305 and MN304 (partly
because SF-36 translations were not available when the studies were initiated), improvements in
HAQ scores and HAQ DI observed in the leflunomide treatment groups were of similar magnitude to
those in US301.  It can therefore be strongly expected that similar improvements would have been
reflected in a generic measure of health-related quality of life in the two European leflunomide patient
populations, both in magnitude of effect as well as in domains other than physical function.

US301: Correlation HAQ DI and SF-36 PCS

Patient-reported improvements

Patient-reported responses for the HAQ DI, PET Top 5, SF-36 PCS, and SF-36 MCS are shown for
study US301 were compared for leflunomide and methotrexate.  As shown in the figure below, for all
four measures, more patients treated with leflunomide than with methotrexate reported that they had
improved or stayed the same from baseline to month 24, while more patients treated with
methotrexate than with leflunomide reported that they had worsened during the same interval.
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Responses in Patient-Reported Outcomes: US301 Year-2 Cohort

One of the health-transition questions asked in the SF-36 is:  “Compared to one year ago, how would
you rate your health in general now?”  For patients in study US301, 90% of leflunomide patients
achieving MCID in the HAQ DI responded that they had improved, while of the patients who
responded that they had improved, 72% had achieved MCID.

For the SF-36 PCS, 91% of leflunomide patients in study US301 who achieved MCID responded that
they had improved, while of the patients who responded that they had improved, 61% had achieved
MCID.

Number Needed to Treat

The Number Needed to Treat (NNT) approach to patient-reported outcomes evaluates the number of
patients that need to be treated to obtain a clinically meaningful improvement, based on achieving
MCID.  The NNT for leflunomide compared to placebo and methotrexate demonstrate consistent
results.  These single-digit NNTs demonstrate the robustness of the improvements seen with
leflunomide treatment.

HAQ DI

SF-36 PCS

PET Top 5

100 1000*Worsened (%) Same/Improved (%)

16.5 83.5

30.7 69.3

LEF MTX

SF-36 MCS

* Any worsening from baseline to month 24

20.6 79.4

22.8 77.2

36.0 64.0

49.5 50.5

13.4 86.6

30.7 69.3

HAQ DI

SF-36 PCS

PET Top 5

100 1000*Worsened (%) Same/Improved (%)

16.5 83.5

30.7 69.3

LEF MTX

SF-36 MCS

* Any worsening from baseline to month 24

20.6 79.4

22.8 77.2

36.0 64.0

49.5 50.5

13.4 86.6

30.7 69.3
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Number Needed to Treat to Achieve MCID HAQ DI, PET Top 5, SF-36 at 12 Months

Category Methotrexate
versus Placebo

Leflunomide
versus

Placebo

Leflunomide versus
Methotrexate

HAQ DI [MCID: -0.22] 5.6 2.9 6.5

PET Top 5 [MCID: +5.0] 13.6 4.3 6.6

SF-36 PCS [MCID:  +5.0] 16.3 4.6 6.4

Source:  Strand et al. Arthritis &Rheumatism. 2001;44:S187.

SF-36 summary scores (PCS and MCS)

The SF-36 PCS measures much more than decrements in physical function experienced by patients
with active RA; it measures how these decrements affect the patients’ day-to-day activities.
Improvements in this summary score correlated with similar changes in physical function (by HAQ
and PET) and ACR responder status [19]. They also correlated, on an individual patient basis, with
ACR responses of ≥20%, ≥50%, and ≥70%.

Using data from the general US population provided in the SF-36 manual [25], PCS and MCS can be
used to determine the impact of the level of improvement on a general population through a standard
normative technique (also described in the manual). The following table shows an extrapolation of
limitations associated with the PCS in the leflunomide treatment group in US301 at baseline (30.8) to
the corresponding percentage of adults in the general US population with a similar PCS.  Thus, a PCS
of 30.8 in the general US population would reflect 44.5% reporting limitations with walking a block,
66.9% reporting limitations climbing stairs, 88.5% reporting difficulty at work, and 21.4% reporting
very severe pain.  Similarly, limitations associated with PCS in the leflunomide group at endpoint
(41.7) are shown.  This demonstrates that leflunomide administration could be expected to greatly
reduce the percentage of adults who would report a limitation in performing daily physical activities.

Leflunomide:  Percentages of the general US population reporting limitations
corresponding to SF-36 PCS scores (US301)

Category Associated
baseline

limitations

Associated
endpoint

limitations

Reduction in
limitations

Walking a block 44.5% 17.3% 27.2%

Climbing stairs 66.9% 27.7% 39.2%

Difficulty at work 88.5% 47.2% 41.3%

Pain (very severe) 21.4% 4.1% 17.3%

The following table shows a similar extrapolation for the methotrexate group in US301.  The PCS at
baseline for methotrexate was 30.2 and endpoint was 38.8.
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Methotrexate:  Percentages of the general US population reporting limitations
corresponding to SF-36 PCS scores (US301)

Category Associated
baseline

limitations

Associated
endpoint

limitations

Reduction in
limitations

Walking a block 44.5% 38.4%  6.1%

Climbing stairs 66.9% 43.2% 23.7%

Difficulty at work 88.5% 67.5% 21.0%

Pain (very severe) 21.4% 12.4%  9.0%

A comparison of the extrapolated data from the general US population reveals that the leflunomide
group would have a greater reduction in limitations relative to the methotrexate group.  Specifically,
there would be 21.1% fewer patients with limitations in walking a block, 15.5% fewer with
limitations in climbing stairs, 20.3% fewer with difficulties at work and 8.3% fewer with reports of
very severe pain in the leflunomide group compared with methotrexate.

The following table shows an extrapolation of limitations associated with the MCS in the leflunomide
treatment group in US301 at baseline (48.5) to the corresponding percentage of adults in the general
US population with a similar MCS. Thus, a MCS of 48.5 in the general US population would reflect
38.3% reporting feeling happy, 21.0% reporting “lots of energy”, 31.0% reporting accomplishing less
at work, and 14.0% reporting social limitations.  Similarly, limitations associated with the MCS in the
leflunomide group at endpoint (53.1) are shown. Although the mean improvement in SF-36 MCS
following leflunomide treatment in US301 was small (4.7 points), it nonetheless reflects important
changes in a majority of patients in their ability to feel happy, accomplish more at work, and engage
in more social activities with increased energy. SF-36 MCS for methotrexate would be expected to
show similar results based on similar baseline (49.8) and endpoint (52.5) scores.

Leflunomide: Frequencies of the US general population reporting
improvements corresponding to SF-36 MCS responses (US301)

Category

Associated
baseline
reporting

Associated
endpoint
reporting

Improvement
in activities

Feeling happy 38.3% 63.7% 25.4%

Lot of energy 21.0% 36.3% 15.3%

Category

Associated
baseline

limitations

Associated
endpoint

limitations

Reduction in
limitations

Accomplish less at work 31.0% 11.5% 19.5%

Social limitations 14.0% 8.2% 5.8%

Using the extrapolated data, there are no differences between the methotrexate and leflunomide
groups, however, both groups would show meaningful population improvements in the above MCS
categories.
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Patient-reported outcomes are more sensitive to active treatment effects

In the leflunomide group in US301, the relative efficiencies of HAQ, PET, and SF-36 to detect a
treatment effect compared with the tender joint count were more sensitive than traditional measures
[21].  The HAQ, PET, physical functioning domain, and PCS score of the SF-36 performed
sufficiently well that clinically important differences could be detected with a statistical significance
of <0.001.

As shown in the following figure, disease-specific (HAQ and PET) and generic (SF-36) patient-
reported measures of physical function and health-related quality of life show large standardized
effect sizes in all outcome measures for active treatment, and the smallest for placebo—indicating
better discriminative ability to identify a true treatment effect [3].  Physician-reported measures
demonstrate effect sizes that approximate a moderate effect in placebo patients.  In contrast, patient
reported measures demonstrate little to no change in placebo patients.  The effect sizes for active
therapies are relatively greater, suggesting that these patient-reported measures are more sensitive to
true treatment effects, supporting an earlier publication by Tugwell et al. [21].
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Patient-reported outcomes are not subject to placebo responses and
are more sensitive to treatment effects

Standardized effect size

-0.50 0.00 0.50 1.00 1.50 2.00

Swollen joint
count

Tender joint
count

MD global

Patient global

Pain VAS

Modified HAQ

HAQ DI

PET

SF-36 PF

SF-36 BP

SF-36 PCS

SF-36 MCS

ESR

CRP

DAS

ACR

LEF SES

PL SES

MTX SES

BP = bodily pain, CRP = C-reactive protein, DAS = disease activity score, ESR = erythrocyte sedimentation rate,
PF = physical function, VAS = visual analog scale

Source: [3]
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Summary of clinical relevance

Mean improvements in patient-reported assessments of physical function and health-related quality of
life in the leflunomide treatment groups were consistent across all three Phase III trials and exceeded
published values by two or more times, representing minimum clinically important differences
(MCID in HAQ DI).  Although several cohort studies have shown that HAQ DI scores remain stable
or deteriorate in RA patients receiving standard of care, despite higher HAQ DI scores at baseline, the
majority of patients receiving leflunomide treatment reported clinically important improvement at
6 months (57 to 71% patients) that remained evident at 24 months (60 to 70%).

Improvements reported with leflunomide treatment in the HAQ DI and its individual subscales were
closely reflected by improvements in SF-36.  Changes were reported not only in those SF-36 domains
directly associated with physical function (e.g., physical functioning, role physical, and bodily pain)
as might be expected, but also in vitality and role emotional.  These patient-reported measures of
physical function and health-related quality of life (HAQ DI, PET, and SF-36) appear most sensitive
to change and not susceptible to a placebo response, thereby best reflecting a true treatment effect.
These changes indicate reduced limitations in physical function and improved health-related quality
of life, and are those outcomes that are most important to the patient.
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1.4  Signs and Symptoms of RA over 2 years

Improvements in signs and symptoms of RA as demonstrated by ACR response rates after 6 and
12 months were maintained over 2 years of leflunomide treatment.  Improvement in the individual
components of the ACR responder criteria were sustained over the second year of leflunomide
treatment in all three Phase III studies.

Percentages of ACR responders in leflunomide year-2 cohorts of Phase III studies
ACR 20% ACR 50% ACR 70%

Study Month 12 Month 24 Month 12 Month 24 Month 12 Month 24

US301 77% 79% 57% 56% 32% 26%

MN305 77% 82% 60% 60% 27% 30%

MN304 65% 64% 39% 45% 11% 15%

The figure below shows a comparison of response rates for the ACR20, ACR50, and ACR70 at 12
and 24 months for year-2 cohort patients treated with leflunomide and methotrexate in studies US301
and MN302/304.

US301 and MN304: ACR Response Rates, Year-2 Cohort
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The figure below shows a comparison of response rates for the ACR20, ACR50, and ACR70 at 12
and 24 months (and in addition, at 6 months for the ACR20 only) for year-2 cohort patients treated
with leflunomide and sulfasalazine in study MN301/303/305.

MN305: ACR Response Rates, Year-2 Cohort

Detailed descriptions of signs and symptom results may be found in the study synopses provided in
Appendix 2.

73

82†

60

77

0

10

20

30

40

50

60

70

80

90

100

12 M 24 M 12 M 24 M

LEF (n=60) SSZ (n=60)

%
 R

es
p

o
n

d
er

s

†LEF vs SSZ p<0.05 at 24 months

LEF ACR20 SSZ ACR20
LEF ACR50 SSZ ACR50
LEF ACR70 SSZ ACR70

60 60

27 30

53

42

32

19

6 M 6 M

75 72 73

82†

60

77

0

10

20

30

40

50

60

70

80

90

100

12 M 24 M 12 M 24 M

LEF (n=60) SSZ (n=60)

%
 R

es
p

o
n

d
er

s

†LEF vs SSZ p<0.05 at 24 months

LEF ACR20 SSZ ACR20
LEF ACR50 SSZ ACR50
LEF ACR70 SSZ ACR70

60 60

27 30

53

42

32

19

6 M 6 M

75 72

p00066



Briefing Document
ARAVA (leflunomide [HWA 486])

Page 67

1.5.   Clinical Trial Safety Results over 2 years

Safety results in the Phase III studies are presented for two cohorts:

� ITT cohort:  The cohort of patients initially enrolled into US301, MN301 and MN302 who took
at least 1 dose of study medication.

� Year-2 cohort:  The cohort of patients who continued into a second year of treatment.

Results for methotrexate-treated patients are presented separately for US301 and MN304.  This is
because folate was administered to 98% of patients in US301 as mandated by the protocol, while only
11% of methotrexate patients in study MN304 received folate, generally after an adverse event.

1.5.1   Exposure to study medication

Exposure to study medication in the Phase II and III studies is summarized in the following table.

Exposure to study medication in Phase II and III studies
No. patients exposed

Treatment group Total ≥6 months ≥12 months ≥18 months ≥24 months

Leflunomide 1468 1070 970 709 558

Methotrexate 688 549 499 393 367

Sulfasalazine 133 76 69 55 48

Placebo 322 144 40 30 28

A total of 1468 patients were exposed to leflunomide in the Phase II and III studies, whereby 1070
patients were treated for at least 6 months and 970 patients for at least 12 months.  Of the patients
who completed 12 months of leflunomide treatment, 450 started a second year of treatment in the
Phase III studies (i.e., in US301, MN305, or MN304) and were, therefore, included in the integrated
analysis of safety over 2 years (year-2 cohort).
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Exposure to study medication and reasons for withdrawal in the year-2 cohort of the Phase III studies
are summarized by treatment group in the following table.  The patients were treated for an average
of 23 to 24 months in all treatment groups.

Exposure to study medication and reasons for withdrawal in Phase III studies: year-2 cohort

Parameter
Leflunomide

(N=450)
Sulfasalazine

(N=60)

MTX US301
(with folate)

(N=101)

MTX 304
(without folate)

(N=320)

Mean duration of
treatment in months

23.7 23.0 22.8 23.7

Mean dose 19.5 mg/day 2.0 g/day 12.6 mg/week 12.2 mg/week

Median dose 20.0 mg/day 2.0 g/day 15.0 mg/week 10.0 mg/week

Withdrawals,
no. (% patients)

59 (13.1) 13 (21.7) 21 (20.8) 43 (13.4)

Adverse event 23 (5.1) 8 (13.3) 8 (7.9) 15 (4.7)

Lack of efficacy 17 (3.8) 3 (5.0) 5 (5.0) 9 (2.8)

Other reason 19 (4.2) 2 (3.3) 8 (7.9) 19 (5.9)

1.5.2   Serious adverse events, deaths, and adverse events leading to
withdrawal

Frequencies of serious adverse events, deaths, and adverse events leading to withdrawal in the year-2
cohort of the Phase III studies are given by treatment group in the following table.

Frequencies of serious adverse events and adverse events leading to withdrawal
during year 2 in Phase III studies:  year-2 cohort

% patients

Type of adverse event
Leflunomide

(N=450)
Sulfasalazine

(N=60)

MTX US301
(with folate)

(N=101)

MTX 304
(without folate)

(N=320)

Serious AEs 25.3 26.7 20.8 27.2

Related 3.1 8.3 2.0 1.6

Serious AEs, leading to
withdrawal

0.9 5.0 6.9 1.6

Related 0.4 1.7 2.0 0.6

Death 0.7 0.0 1.0 2.2

Related 0.2 0.0 0.0 0.3

AEs leading to withdrawal 4.0 13.3 7.9 4.4

Related 2.4 10.0 4.0 3.4

Frequencies of serious adverse events were similar across treatment groups in the year-2 cohort but
adverse events leading to withdrawal were less frequent in the leflunomide group than in the
sulfasalazine and methotrexate groups.
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As shown in the following table, the frequencies of serious adverse for the year-2 cohort were similar
in the first and second years of leflunomide treatment and similar to those in the first year of
treatment for the ITT cohort.  As expected, serious adverse events leading to withdrawal were more
common in the ITT cohort than in the year-2 cohort.

Frequencies of serious adverse events in leflunomide patients in Phase III studies:
ITT and year-2 cohorts
ITT cohort

(N=824)
Year-2 cohort

(N=450)

Type of adverse event
Onset in year 1

n %
Onset in year 1

n %
Onset in year 2

n %

Serious AEs 219 (26.6) 107 (23.8) 114 (25.3)

Related 45 (5.5) 11 (2.4) 14 (3.1)

Serious AEs, leading to
withdrawal

50 (6.1) – 4 (0.9)

Related 24 (2.9) – 2 (0.4)

Death 6 (0.7) – 3 (0.7)

Related 2 (0.2) – 1 (0.2)

Three of the deaths in the leflunomide patients were assessed as possibly related to study medication:

� Patient 8/1004, MN302:  This 74-year-old male stopped study medication (history of ulcerative
colitis) and died suddenly a few days later due to respiratory and cardiac arrest.

� Patient 75/1004, MN302:  This 34-year-old male died suddenly due to acute heart failure. The
patient had a myocardial infarction with functional cardiac arrest prior to study entry.

� Patient 46/1002, MN304:  This 57-year male died of esophageal carcinoma in the setting of
Barrett’s esophagus.

Frequencies of rare serious adverse events in the three Phase III studies are presented in the following
table (rate/100 patient years).

Frequencies of rare serious adverse events in Phase III studies:  ITT cohort over 2 years
Rate/100 patient years

Adverse event

Leflunomide

(N=824)

Sulfasalazine

(N=133)

MTX US301
(with folate)

(N=190)

MTX 304
(without folate)

(N=498)

Patient years 1333 181 226 993

Fatal infection 0.0 0.0 0.4 0.5

Sepsis, nonfatal 0.1 1.1 0.4 0.2

Malignancies 1.4 4.4 2.2 1.5

Lymphoproliferative
disorders

0.2 1.1 0.0 0.1

Interstitial pneumonitis 0.0 0.0 0.4 0.4

Renal failure 0.0 0.0 0.4 0.2

Agranulocytosis 0.0 1.1 0.0 0.0

Vasculitis 0.8 0.6 0.4 0.5
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There is no evidence that any of the above adverse events were more common with leflunomide than
with sulfasalazine or methotrexate.  There were no cases of fatal infection, interstitial pneumonia,
renal failure, agranulocytosis, or pancytopenia in the 1333 patient years observed with leflunomide.

1.5.3   Most common adverse events

Frequencies of the most common adverse events in the ITT and year-2 cohorts of the Phase III studies
are summarized in the following table.

Frequencies of adverse events that occurred in ≥10% of leflunomide patients
in the ITT or year-2 cohort of the Phase III studies

% patients

ITT cohort
(N=824)

Year-2 cohort
(N=450)

Type of adverse event Onset in year 1 Onset in year 1 Onset in year 2

All infections 49.2 56.0 50.7

Upper respiratory
infection

25.8 30.7 27.1

Hypertension 10.2 10.7 9.6

Diarrhea 24.0 25.6 7.8

Nausea 12.9 10.0 2.4

Headache 11.2 11.3 3.8

Alopecia 13.7 15.3 2.9

Rash 11.7 12.2 7.1

The incidences of infections, respiratory infection and hypertension in the year-2 cohort were similar
in years 1 and 2.  Diarrhea, nausea, headache, alopecia, and rash are known to be associated with
leflunomide treatment and occurred at much lower frequencies in the second year than the first year
of treatment.  Comparison of adverse event frequencies in year 1 revealed no relevant differences
between the ITT and year-2 cohorts, thus showing that the incidences of adverse events during the
second year of treatment in the year-2 cohort are representative of the total Phase III population.
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1.5.4   Liver enzymes

Frequencies of alanine transaminase (ALT) and aspartate transaminase (AST) elevations in the
ITT and year-2 cohorts of leflunomide patients are summarized in the following table.

Frequencies of ALT and AST elevations in leflunomide patients
from the ITT and year-2 cohorts of the Phase III studies

No. (%) patients

ITT cohort (N=824) Year-2 cohort (N=450)

Enzyme

Year 1
Occurrence

Year 1
Occurrence*

Year 2
Occurrence*

Year 2 elevation
reversed  to

≤2 x ULN after
elevation

ALT

>2 to ≤3 x ULN 38 (4.6) 23 (5.1) 13 (2.9) 10

>3 x ULN 25 (3.0) 11 (2.4) 8 (1.8) 6

AST

>2 to ≤3 x ULN 25 (3.0) 11 (2.4) 4 (0.9) 4

>3 x ULN 10 (1.2) 5 (1.1) 9 (2.0) 8

Adverse events

increased
liver function tests

64 (7.8) 25 (5.6) 15 (3.3) NA

ULN = upper limit of normal range, NA = not applicable
*In the year 2 cohort a subject with an elevation in year 1 and year 2 is counted twice.

The most sensitive enzyme to elevations, ALT, had a lower occurrence of elevations in year 2 than
year 1 in the year-2 cohort.  This was also true for adverse events of abnormal liver function tests and
AST 2-3xULN.  In most of these patients, values had reversed to below 2 x ULN by the end of the
second year.
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1.5.5   Hypertension

An analysis of hypertension is presented in the following table

Summary of hypertension in leflunomide patients
from the ITT and year-2 cohorts of the Phase III studies

No. (%) patients

ITT cohort (N=824) Year-2 cohort (N=450)

Criterion Onset in year 1 Onset in year 1 Onset in year 2

Hypertension reported as AE 84 (10.2) 48 (10.7) 43 (9.6)

Total with hypertension at baseline 71 41 27

Diagnosis of hypertension at
baseline

47 34 13

Blood pressure increased at
baseline/screening

57 30 20

New-onset hypertension 13 (1.6) 7 (1.6) 16 (3.6)*

Systolic ≥160 mm Hg (at ≥2 visits) 13 7 14

Diastolic ≥90 mm Hg (at ≥2 visits) 8 3 11

Systolic ≥160 mm Hg and diastolic
≥90 mm Hg

8 3 10

Concomitant NSAIDs 13 7 12

Concomitant steroids 9 5 12

Mean change from baseline
(mm Hg)

Systolic blood pressure 0.6 –0.1 1.7

Diastolic blood pressure 1.0 1.0 0.5

* One  of these patients also had an event during year 1, which resolved and recurred in year 2.

The incidence of hypertension reported as an adverse event decreased slightly during the second year
of treatment with leflunomide compared with the first year (9.6% versus 10.7%).  As in the first year
most of the hypertension events were mild to moderate.  All but 3 of the 43 patients with hypertension
reported in the second year were treated with antihypertensive medications.  One of the adverse
events was a serious adverse event but no patient discontinued leflunomide treatment during the
second year due to hypertension.

In the year-2 cohort, fewer patients had hypertension reported as an adverse event with onset in year 2
than in year 1.  The incidence of new-onset hypertension (not present at baseline by history or blood
pressure measurement) increased numerically from 1.6% (7 patients) during the first year of treatment
with leflunomide to 3.6% (16 patients) during the second year, although this was not statistically
significant (p=0.089).  One of these patients had new-onset hypertension during the first year, which
resolved and then recurred during the second year; therefore, 3.3% (15 patients) had a first occurrence
of new-onset hypertension in year 2.  The mean change in systolic blood pressure from baseline
during the second year was a 1.7 mm Hg increase, compared to a 0.1 mm Hg decrease during the first
year.  The mean change in diastolic blood pressure from baseline during the second year was slight
(0.5 mm Hg) and less than  the change in year 1 (1.0 mm Hg).
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It appears that leflunomide treatment has a mild effect on blood pressure.  The contribution of
concomitant NSAIDs and steroids to blood pressure changes cannot, however, be excluded.

1.5.6   Safety conclusions from clinical trials

In summary, the adverse event profile of leflunomide during the second year of treatment was similar
to that during the first year of treatment and no new types of adverse events emerged.  The incidences
of diarrhea, nausea, headache, alopecia, rash, hypertension, and increased liver function tests
decreased in the second year of treatment.
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2.  BENEFIT-RISK ANALYSIS OF LEFLUNOMIDE

2.1  Clinical and Post-Marketing Safety Data

The safety profile for ARAVA is based on three types categories of safety information:

• Data from randomized, controlled, clinical trials

• Post-marketing safety surveillance data for ARAVA

• Epidemiologic analysis of large cohorts of RA patients.

Data on safety and adverse events from clinical trials and post-marketing surveillance for ARAVA

are reviewed in the Aventis response to a March 28, 2002 Public Citizen Health Research Group
petition to the FDA requesting withdrawal of ARAVA (leflunomide) Tablets from the market.  The
Aventis response was submitted to the FDA on August 8, 2002 and is included in Appendix 1.

2.2   Epidemiologic Studies

2.2.1   Retrospective cohort study

The objective of this post-marketing, retrospective cohort study was to compare rates of adverse
events (AEs) amongst leflunomide users to patients taking DMARDs (e.g., gold salts, azathioprine,
hydroxychloroquine, D-penicillamine, sulfasalazine and the biologics etanercept and infliximab),
alone and in combination.

This study relied on the 6.5 million-member claims database of Aetna, a US health insurer.  Follow-
up occurred from September 1998 through the end of December 2000.  A diagnosis of Rheumatoid
Arthritis and use of a DMARD were required for entry into the cohort.  Subjects had to be 18 or over
at time of entry.  Exposure and time on drug was identified by dispensed prescription data.  Outcomes
included hepatic, hematologic, hypertensive, pancreatic, respiratory, and severe skin adverse events
(AEs).  Rates were computed using Poisson regression and were adjusted for age, sex, and
comorbidities.

The study assembled more than 40,500 RA patients and 83,000 person-years (PY) of follow-up,
making it the largest RA cohort study ever conducted.  The leflunomide monotherapy exposure group
had significantly fewer AEs than DMARD and MTX groups.  The leflunomide group had rates of
hepatic, hematologic, pancreatic, pneumonitis, and severe skin AEs that were comparable to DMARD
and MTX.  Leflunomide patients had significantly lower rates of hypertension and upper respiratory
AEs compared to DMARD and MTX.  The combination of leflunomide + MTX exposure group had
AE rates that were comparable to other combination therapies.  The exposure group no-DMARDs
generally had the highest rates observed in this study for all AEs.  This is likely due to a ‘depletion of
susceptibles’ effect and channeling bias, in which patients who experience an AE on a drug will be
taken off and put on another, less toxic regimen.

Although data on disease severity, OTC use, and history of RA were missing, it was clear that in this
large population, leflunomide’s safety profile is similar to that of other DMARDs.
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The full report of this study is presented in Appendix 4.

2.2.2 Bi- cohort, nested, case-control study

The objective of this study was to replicate the retrospective (Aetna) cohort study using different
databases and a slightly different design.  This study relied upon the combined data from the
Protocare claims database (10 million members) and the PharMetrics database (16 million members).
Follow-up occurred from September 1998 through December 2001.  Subjects were entered if they had
an RA diagnosis, had a prescription for a DMARD after September 1998, were 18 or over at entry,
and had not experienced one of the endpoints of interest in the 90 days prior to entry.  Exposures
included methotrexate, leflunomide, other DMARDs, and biologic DMARDs.

The combined databases had almost 42,000 persons who were prescribed a DMARD after September
1998 and a total of 51,315 person-years of follow-up time.  Three-quarters of the cohort were women.
The average age of Protocare subjects was 59, compared to 49 for PharMetrics subjects.  There were
90 events per 10,000 PY for all events of interest combined, and 5 per 10,000 PY for severe hepatic
events, 27 per 10,000 PY for hematologic events, 16 per 10,000 PY for pancreatitis, 42 per 10,000 for
opportunistic infections and sepsis, less than 1 per 10,000 PY for severe skin disease, 2 per 10,000
PY for pneumonitis, and 1 per 10,000 PY for lymphoma.  Using methotrexate as the reference, the
adjusted rate ratios for leflunomide were not significantly different from 1 for any serious adverse
event (RR =1.1), serious hepatic events (RR = 0.9), serious hematologic events (RR = 0.8), serious
pancreatitis events (RR = 1.5), and serious opportunistic infections and septicemia events (RR = 0.9).
There were too few events for rate calculations of severe skin, pneumonitis, and lymphoma events.
Of note were the generally elevated RRs for the biologic DMARDs, especially for any event, serious
liver events, and opportunistic infections and septicemia events.

This study affirms the earlier Aetna cohort study in that adverse events amongst leflunomide patients
do not occur more often than they do in methotrexate patients.

The full report of this study is presented in Appendix 5.

2.2.3 Proportional reporting ratio analysis

The objective of the proportional reporting ratio (PRR) analysis was to determine if reports of adverse
events amongst leflunomide users are inconsistent with similar reports amongst other DMARD users.
PRR is a signal-generating tool, and is not used to confirm hypotheses.  Proportional reporting ratio
analysis compares spontaneous reports of suspected adverse reactions of different drugs where the
true number of patients exposed to a drug is unknown.

PRR analysis is a useful statistical tool, widely employed by the Medicines Control Agency (MCA)
in the UK.  It is calculated using a 2 x 2 table, as follows:

reaction of interest all other reactions
drug of interest a b
all other drugs c d
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PRR is calculated as a/(a + b) divided by c/(c + d).  Criteria to evaluate the PRR come from several
sources and are similar: a minimum of three reported cases are needed; a PRR of at least 3 and an
associated X2 over 5 or a PRR of at least 2 and an associated X2 over 4 are considered possible
signals.  The data used are limited in that there is no way to assess the indication for a particular drug,
so in the situation where a specific drug is used for more than one condition (e.g., as is the case with
methotrexate), there is no way of adjusting for potential confounding by indication.  The calculated
PRR used the entire database of the FDA as a comparison (results which were not different than when
DMARDs were used as a comparison group).

The results showed that specific AE reports of leflunomide, as a proportion of all leflunomide reports
was not different than other drugs, with the possible exceptions of interstitial lung disease PRR and
vasculitis PRR.  These signals have been further examined using epidemiologic data and have been
found to be unsupported.

The full report of this study is presented in Appendix 6.

2.2.4 Reporting rate analyses

The objective of this analysis was to examine the comparative reporting rates of various AEs of
leflunomide and other DMARDs.  Since this method relies on spontaneous report data, it is used for
signal generation.

Spontaneous reports (numerator data) were obtained from the FDA via QScan, a commercial software
vendor that offers access to the more than two million adverse event cases reported to the FDA made
available through the Freedom of Information Act, using proprietary mapping tools and techniques.
Denominators (sales data) were obtained from IMS and converted into person-year exposures.
Leflunomide, methotrexate, infliximab, and etanercept were compared.  Adverse events of interest
included hepatic failure, interstitial lung disease, tuberculosis and sepsis, bullous conditions,
lymphoma, demyelinating disorders, hypertension, vasculitis, and pancytopenia.

Using this method to evaluate potential signals from spontaneous reports, none were found for
leflunomide.  Spontaneous report analysis is made difficult by under-reporting, the Weber effect (i.e.,
reports are more frequent closer to time of launch and for a period of about two years, then drop off
substantially), lack of interest by professionals to report, potential confounding by indication (i.e., the
AE is caused by the condition being treated, not the drug), and poor quality reporting data.  Compared
to the two biologic DMARDs, which were launched approximately the same time as leflunomide,
there does not appear to be any signals.

Using this method of analysis, the AE profile of leflunomide appears comparable to that of biologic
DMARDs, with lower rates for certain events, the full report of this study is presented in Appendix 6.

2.2.5 Meta-analysis

The objective of this study was to compare the rates of adverse events seen in phase III clinical trials;
specifically, leflunomide was compared to methotrexate and to sulfasalazine.

Adverse event rates were cumulated from clinical trials US301 (placebo-controlled trial of
leflunomide versus methotrexate), MN301/303/305 (placebo-controlled trial and extensions of
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leflunomide versus sulfasalazine), and MN302/304 (leflunomide versus methotrexate).  The rates are
presented on a L’Abbé scatter plot (line-of-identity graph) for ease and sensibility of interpretation.

The results of this meta-analysis show that Serious and Serious and Related adverse events all occur
more often amongst the methotrexate and sulfasalazine users.  Methotrexate and sulfasalazine also
had higher rates of pain, blood, and cardiovascular AEs.  Skin (rash) and hypertension occurred more
often amongst leflunomide users.  Leflunomide had higher rates of infection and abnormal liver tests
compared to sulfasalazine, and lower rates compared to methotrexate.

Using L’Abbé scatter plots to assess the rates of AEs reported in clinical trials of leflunomide, the two
comparator agents (methotrexate and sulfasalazine) had higher rates of Serious and Serious and
Related events, as well as higher rates of cardiovascular, blood, and pain AEs.  Leflunomide had
higher rates of skin rash and hypertension.

The full report of this study is presented in Appendix 7.

2.2.6 Liver transplant analysis

The objective of this study was to determine how many liver transplant cases have been reported in
which leflunomide or methotrexate is listed as the etiology.

Data were requested by and received from the United Network for Organ Sharing (UNOS).  UNOS
administers the nation's only Organ Procurement and Transplantation Network (OPTN), established
by the US Congress in 1984.  Through the OPTN UNOS collects and manages data about every
transplant event occurring in the United States; facilitates organ matching and placement processes;
and helps to develop organ transplantation policy.  All data on liver transplants from 1 January 1998
through 31 July 2002 were reviewed for drug involvement of either methotrexate or leflunomide.

In 1998, three liver transplants listed methotrexate hepatotoxicity as a cause or diagnosis; in 1999 and
2000, one transplant each year listed methotrexate; in 2001, six transplants listed methotrexate; and
through 31 July 2002, four cases listed methotrexate toxicity as a reason for the procedure.  In that
same time period, no cases listed leflunomide.

Based on a review of the UNOS liver transplant data, methotrexate toxicity was listed as the diagnosis
for 15 liver transplants from January 1998 through July 2002.  In that same period, leflunomide
toxicity was not listed as the diagnosis for liver transplant.

2.2.7  National Data Bank for Rheumatic Diseases

Data from the National Data Bank for Rheumatic Diseases  regarding rates of  serious liver toxicity in
patients taking leflunomide or methotrexate were published in abstract form and presented by Dr.
Fred Wolfe at the American College of Rheumatology 2002 Annual Scientific Meeting.   He reported
that the rates were low and that there was no significant difference between leflunomide and
methotrexate in the percent of patients with self-reported liver adverse events or in rates of liver
adverse events per 100 patient-years [39].

Treatment effectiveness in the community has been evaluated by Dr Fred Wolfe based on data from
the National Data Bank for Rheumatic Diseases and reported at the American College of
Rheumatology 2001 and 2002 Annual Scientific Meetings.  Data were evaluated using the time
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patients remain on treatment [40] and also by an expanded definition of  treatment failure, i.e., time to
treatment discontinuation  or addition of another DMARD [41].  In both of these measures of
treatment effectiveness in the community, leflunomide and methotrexate were comparable.

2.3   Benefit-Risk Conclusions

The accepted standard of care for patients with RA is aggressive, early treatment with DMARDs,
which slow and potentially alter the course of the disease.  However, no single DMARD is effective
in all patients, and secondary failures (loss of efficacy) are not uncommon.  Accordingly, most
patients with active RA require the progressive addition or change of treatments over time.  Serious
and sometimes fatal adverse events have been reported with each of these therapies.  The need for
alternative therapies remains the driving force behind recent development and approval of new
treatments for RA over the last four years and a half years.

Several epidemiological approaches were used to compare the adverse event profile of leflunomide
with those of other DMARD’s and have been described in Section 2.2.  While none of the approaches
are without limitations, the results of all analyses taken together show an adverse event profile for
leflunomide comparable to methotrexate and other DMARDs.

The efficacy and safety data confirm that ARAVA is an important advance in the treatment of RA
and should remain available to the many thousands of individuals who benefit from the use of the
drug.  The chronic, progressive, and destructive nature of RA warrants the use of DMARDS early in
the disease process.  ARAVA has been clinically proven to have efficacy in early and advanced
disease, with rapid onset of therapeutic effect and sustained benefit during long-term therapy.

These established benefits must be weighed against its recognized risks, in the context of other
available therapies and the severity of the disease.  The risk of serious and sometimes fatal adverse
events has, unfortunately, been observed with most prescription medications – and all DMARDs,
including ARAVA.  Specifically, the safety data from randomized controlled trials show the overall
percentage of patients with adverse events who were treated with ARAVA was generally
comparable to that of patients who received methotrexate and sulfasalazine.  Importantly, nothing in
the post-marketing experience changes the acceptable benefit-risk profile established by the
controlled clinical studies.

When weighed against the benefits of the drug, its impact on the disease course, and the limitations of
other available therapies, the risks of ARAVA treatment are clearly outweighed by its substantial
benefits.
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3.   OVERALL CONCLUSIONS

At 12 months in the ITT population, leflunomide was statistically significantly superior to placebo in
improving physical function and health-related quality of life as assessed by the HAQ DI, and these
changes were clinically significant [25].  Superiority to placebo was demonstrated consistently across
all eight HAQ DI subscales in both placebo-controlled studies (US301 and MN302).

The SF-36 further addresses physical function as well as social and emotional function.  In US301 at
12 months in the ITT population, leflunomide treatment resulted in statistically significant
improvements compared to placebo in 5 of the 8 SF-36 scales (physical functioning, pain, general
health perception, vitality, and social functioning), the SF-36 Physical Component Summary score,
and the Work Productivity Questionnaire.

The improvements in physical function and health-related quality of life demonstrated at 6 and
12 months were maintained over 2 years.  In patients continuing leflunomide for a second year of
double-blind treatment in US301, MN305 (extension of MN301/303) or MN304 (extension of
MN302), marked, clinically meaningful improvements from baseline in the HAQ DI were still
observed at 24 months in all three trials, with no clinically meaningful differences between month 12
and month 24.

An ITT analysis over 24 months further showed leflunomide therapy to be statistically significantly
superior to placebo on the HAQ DI in the two placebo-controlled trials, and on the SF-36 PCS in
US301.  Sensitivity analysis showed these results to be robust.

The adverse event profile of leflunomide during the second year of treatment was similar to that
during the first year of treatment and no new types of adverse events emerged.  The incidences of
diarrhea, nausea, headache, alopecia, rash, hypertension and increased liver function tests decreased
in the second year of treatment.

The rates of adverse events seen in these phase III clinical trials with leflunomide were compared to
methotrexate and sulfasalazine in a meta-analysis. The results show that serious and serious and
related adverse events all occur more often amongst  the methotrexate and sulfasalazine users.

In addition to this meta–analysis several epidemiological approaches were used to compare the
adverse event profile of leflunomide with those of other DMARD’s.  While none of the approaches
are without limitations, the results of all analyses taken together show an adverse event profile for
leflunomide comparable to methotrexate and other DMARDs.

In conclusion, these data and analyses support the efficacy of leflunomide with regard to
improvement in physical function and health-related quality of life. Improvement in signs and
symptoms was proven previously in the NDA, and continued improvement over 2 years has been
demonstrated in these studies.

The safety of leflunomide has been demonstrated to be comparable to other widely used DMARD’s.
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STUDY SYNOPSIS
HWA 486/F/USA/301/RA

ULTRA Study (Utilization of Leflunomide for Treatment of Rheumatoid Arthritis)
2 Year and Alternate Therapy

TITLE  A Phase III, Double Blind, Randomized, Placebo-Controlled Study to
Compare the Activity and Safety of Leflunomide to Methotrexate or Placebo
in Subjects with Active Rheumatoid Arthritis (Final 24-Month Data Including
Alternate Therapy)

INVESTIGATORS,
STUDY SITES  Multinational/47 centers: United States of America (42), Canada (5)

STUDY DATES  May 30, 1995 – November, 1998

REPORT TYPE  Clinical/biometric report, final.
This is the second final study report for this protocol.  The first study report
included results from the first year of therapy, as this was the primary
efficacy endpoint and was used to support applications submitted globally
for approval of leflunomide.  The current report presents data from two
years of therapy (the total time frame of the protocol) and from the alternate
therapy phase of the protocol).

REPORT ORIGIN  Quintiles, San Diego, CA, USA
Hoechst Marion Roussel Deutschland GmbH, Frankfurt, Germany

DATE OF ISSUE  August 25, 1999

PHASE  III

INDICATION  Rheumatoid arthritis (RA)

STUDY OBJECTIVES Primary objectives.  To compare the efficacy and safety of leflunomide
(LEF) with placebo (PBO) in subjects with active RA who had never
previously received methotrexate (MTX).

Secondary objectives. To compare the efficacy and safety of LEF with
MTX in subjects with active RA.

STUDY DESIGN  Phase III, multinational, multicenter, double-blind, randomized, placebo-
and MTX-controlled study of parallel group design

STUDY MEDICATION
AND DOSAGE ____________________________________________________________
     LEF (once per day) PBO MTX (once per week)

Drug formulation/ 100 mg, Days 1-3 Matching placebo 7.5 mg, Wks 1-6
Frequency 20 mg, Days 4-7 dispensed at 7.5 or 10 mg**, Wk 7

20 mg, Wks 2-6 times scheduled 7.5 or 12.5 mg**, Wk 8
20 mg if tolerated*, for LEF or MTX 7.5 or 15 mg**, Wks 9-52
   Wks 7-104 7.5, 15, 17.5 or 20 mg, Wks 53-104
____________________________________________________________
* Dose could be lowered to 10 mg/day depending on tolerance.
** If active disease was present at Week 6.
All subjects were to receive folate (1 mg, twice daily).

Batch Nos.  See Appendix B of study report

DURATION OF
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TREATMENT Up to 104 weeks

STUDY POPULATION Subjects with a diagnosis of RA by ACR criteria of ≥ 6 months’ duration,
who had active RA by ACR criteria at screening and baseline

 STUDY VARIABLES
Efficacy Primary. ACR20 responder rate: Percentage of subjects who met the

ACR20 responder criteria at endpoint.

Secondary. Tender joint count, swollen joint count, patient global
assessment, physician global assessment, modified Health Assessment
Questionnaire (MHAQ), pain intensity assessment, erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP), morning stiffness, X-
rays of hands and feet, questionnaires on quality of life and functional ability
(Medical Outcomes Study (MOS) SF-36, MOS current health perceptions
scale, Work Limitations Questionnaire, standard HAQ, and Problem
Elicitation Technique (PET))

Safety  Adverse events; hematology, blood chemistry, urinalysis; physical
examination, supine blood pressure, heart rate, oral body temperature,
body weight, 12-lead ECG, and chest X-ray.

Pharmacokinetics Blood samples for determination of plasma concentrations of A77 1726 and
TFMA.  Results will be presented in a separate report.

Pharmacoeconomics Utilization of health-care resources; studied for first 52 weeks only.  Results
were presented in a previous report.

STATISTICAL 
METHODS The statistical analyses were performed for three cohorts of subjects:

(a) intent-to-treat cohort (ITT cohort), (b) the subset of subjects with data
during year 2 of therapy (year-2 cohort), and (c) subjects enrolled in the
alternate therapy phase.  In addition to descriptive statistics, the following
tests were performed:

Efficacy variables Primary:  ACR20 responder rates at endpoint in the ITT cohort analyzed by
logistic regression.
Secondary:  All secondary efficacy variables: analysis of covariance
(ANCOVA) for all those cohorts analyzed.

RESULTS
Study sample In total, 511 subjects were randomized; 3 were randomized but not treated,

508 were randomized and treated (190 LEF, 128 PBO, and 190 MTX); 235
completed greater than 52 weeks of therapy (98 LEF, 36 PBO, and 101
MTX);  116 entered the alternate therapy 1-year treatment group (35 MTX
to LEF, 56 PBO to LEF, and 25 LEF to MTX).

Of the treated subjects in the ITT cohort, 371 (73.0%) were females and
137 (27.0%) were males:  LEF 72.6% females; PBO 71.9% females; MTX
74.2% females.  Mean ages (years) in the 3 treatment groups were similar:
LEF 54.0±12.1, PBO 54.7±10.6, and MTX 53.3±11.6.  The treatment groups
were similar for duration of RA, age at onset of RA, and prior disease
modifying antirheumatic drug (DMARD) use.

Of the treated subjects in the year-2 cohort, 162 (68.9%) were females and
73 (31.1%) were males:  LEF 69.4% females, PBO 69.4% females, and
MTX 68.3% females.  Mean ages (years) in the 3 treatment groups were
similar: LEF 55.2±11.7, PBO 54.2±11.4, and MTX 53.3±12.4.  The
treatment groups were similar for duration of RA, age at onset of RA, and
prior DMARD use.
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Of the treated subjects in the alternate therapy group, 90 (77.6%) were
females and 26 (22.4%) were males: PBO/LEF 75.0% females, MTX/LEF
88.6% females, LEF/MTX 68.0% females.  Mean ages (years) in the 3
treatment groups were similar: PBO/ LEF 56.7±11.1, MTX/LEF 52.4±10.8,
and LEF/MTX 52.2±12.5.

Study regimen
           Reasons for early withdrawal from the ITT cohort

Reason LEF
(N=190)

PBO
 (N=128)

MTX
(N=190)

Total
(N=508)

N % N % N %
Lack of efficacy 37 19.5 71 55.5 54 28.4 162
Adverse event 52 27.4 12 9.4 30 15.8 94
Lost to follow-up 1 0.5 1 0.8 4 2.1 6
Protocol violation 2 1.1 2 1.6 1 0.5 5
Noncompliance – – 1 0.8 2 1.1 3
Death – – – – 2 1.1 2
Other 15 7.9 14 10.9 17 8.9 46

Total 107 56.3 101 78.9 110 57.9 318

           Reasons for early withdrawal from the year-2 cohort
Reason LEF

(N=98)
PBO

 (N=36)
MTX

(N=101)
Total

(N=235)
N % N % N %

Lack of efficacy 4 4.1 2 5.6 5 5.0 11
Adverse event 8 8.2 – – 8 7.9 16
Lost to follow-up – – 1 2.8 2 2.0 3
Protocol violation 1 1.0 1 2.8 – – 2
Noncompliance – – – – 1 1.0 1
Death – – – – 1 1.0 1
Other 2 2.0 5 13.9 4 4.0 11

Total 15 15.3 9 25.0 21 20.8 45

Efficacy 506 subjects were included in the ITT cohort (LEF 190, PBO 128, MTX
188); 235 subjects were included in the year-2 cohort (LEF 98, placebo 36,
MTX 101).

LEF vs placebo. In the ITT cohort, ACR20 response rates at Month 24 (by
LOCF) showed leflunomide to be statistically significantly better than
placebo.  Analyses of mean changes in the components of the ACR20
response over time showed leflunomide to be highly statistically superior to
placebo for all measures.

Month 24 ACR20 response rates (LOCF):  ITT Cohort

Treatment No. of Subjects

ACR20

Responders/Total

ACR20

Response

Rate

p-value

(95% confidence interval)

   LEF 99/186 53.2 LEF vs PL: p≤0.001, 95% CI 21.7% to 41.9
   PBO 34/128 26.6 LEF vs MTX: p=0.317, 95% CI-5.0% to 15.3%
   MTX 90/188 47.9 MTX vs PL: p≤0.001, 95% CI 16.7% to 36.7%

In the year-2 cohort, ACR20 response rates were high in all groups since
the year-2 cohort was enriched by subjects with positive treatment effect
continuing into a second year of therapy.  The size of the placebo group
(36, 28% of the originally enrolled subjects) prohibited statistical
comparisons with that group.  Analyses of mean changes in the
components of the ACR20 response over time showed similarly high
improvement in the signs and symptoms of RA in all treatment groups, with
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the greatest relief seen in the leflunomide group.  The year-2 cohort results
indicate sustained effect over two years of treatment.

12 and 24 Month ACR20 response rates (LOCF):  Year-2 Cohort

Treatment 12 Month No. of ACR20

Responders/Total

ACR20

Response

Rate

24 Month No. of ACR20

Responders/Total

ACR20

Response

Rate

p-value

(95% confidence

interval)
   LEF 75/97 77.3 77/97 79.4
   PBO 22/36 61.1 23/36 63.9
   MTX 61/101 60.4 68/101 67.3

LEF vs MTX:
p=0.049, 95% CI
0.1% to 24.4%

Statistical methods:  Logistic regression: 95% CI for LEF vs MTX.

Analyses of the Sharp scores for X-rays of hands and feet for the ITT cohort
at 12 months showed that increase in the total Sharp score was statistically
significantly lower in the leflunomide group than the placebo group (0.5 vs
1.9, p=0.0016) This was also demonstrated in joint-space-narrowing
subscore;  no difference for the mean change in  the erosion subscore was
found.  For the year-2 cohort, the Sharp scores showed that in subjects who
continued into year 2, little progression was seen in all treatment groups at
both year 1 and year 2, indicating continued protection against joint
deterioration.

Analyses of the functional ability and health-related quality of life measures
showed that the use of LEF for up to 104 weeks maintained improvements
in physical function and health-related quality of life demonstrated after one
year of treatment.

LEF vs MTX. In the ITT cohort, the ACR20 response rates for the LEF and
MTX groups were statistically equivalent.  The ACR20 response rate for
LEF was 53.2% and for MTX was 47.9%. Response rates over time showed
the LEF response occurred earlier and was higher than in either of the other
two treatment groups.  The MTX response was statistically significantly
better than the placebo response.  In the year-2 cohort, the ACR20
response rates for the LEF and MTX groups were 79.4% and 67.3%
respectively, which were not statistically equivalent.

The X-ray analysis of hands and feet for the ITT cohort showed LEF and
MTX to be statistically equivalent.  The mean increase in total Sharp score
was statistically significantly lower in the MTX group than in the placebo
group.  For the year-2 cohort, the results showed similar and low increases
in total Sharp scores in both groups over year 2.

Functional ability and health-related quality of life measures showed better
responses in the LEF group than in the MTX group on multivariate analysis,
demonstrating overall statistical significance.

Safety Adverse events.  In the ITT cohort, there were 84 (16.5%) serious adverse
events; they were reported more frequently in the LEF (18.9%) and MTX
(18.9%) than in the PBO (9.4%) groups.  Few of these events were
considered related to study drug (LEF 1.6%, PBO 1.6, and MTX 3.7%).  In
the year-2 cohort, there were 53 (22.6%) serious adverse events; they were
reported more frequently in the MTX (24.8%) than the LEF (22.4%) and
PBO (16.7%) groups.  Few of these events were considered related to
study drug (LEF 1.0%, MTX 2.0%).  There were no deaths on study in the
LEF, 2 in the MTX (1 study drug related), and 1 in the PBO groups.
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Withdrawals due to serious adverse events were lower in the LEF
compared to the MTX group in both the ITT and year-2 cohorts (LEF 4.2%,
PBO 1.6%, and  MTX 6.3%), and  (LEF 1.0%, PBO 0%, and MTX 5.0%),
respectively.  Serious adverse events which occurred in > 1% LEF subjects
in the ITT cohort were pneumonia (4 subjects), infection (2), joint disorder
(5), cholelithiasis (4), hypertension (2), and deep thrombophlebitis (2); for
the year-2 cohort, they were cholelithiasis (4), joint disorder (4), infection
(2), hypertension (2), cholecystitis (2), and deep thrombophlebitis (2).

Adverse events (i.e., serious and non-serious events) in the ITT cohort were
more frequent in the LEF (98.4%) than in the PBO (88.3%) or MTX (92.1%)
groups.  In the year-2 cohort, the frequency of adverse events was similar
for all treatment groups: LEF (100.0%), PBO (94.4%), and MTX (96.0%).
The most frequently reported adverse events, regardless of causality, in the
LEF group in the ITT cohort, were: respiratory infection (37.4%), diarrhea
(36.8%), headache (20.0%), hypertension (18.4%), and rash (17.4%).  In
the PBO group: respiratory infection (25.0%), nausea (18.8%), headache
(17.2%), and dyspepsia (16.4%).  In the MTX group: respiratory infection
(38.4%), headache (23.2%), diarrhea (21.6%), and nausea (20.5%).  In the
year-2 cohort, the most frequently reported adverse events, regardless of
causality, in the LEF group were: respiratory infection (55.1%), diarrhea
(43.9%), hypertension (28.6%), dyspepsia (24.5%), and rash (21.4%).  In
the PBO group: respiratory infection (38.9%), diarrhea (30.6%), dyspepsia
(27.8%), and accidental injury (25.0%).  In the MTX group: respiratory
infection (54.5%), diarrhea (23.8%), headache (23.8%), and accidental
injury (20.8%).

In the ITT cohort, adverse events considered related to study drug occurred
in LEF (80.5%), PBO (56.3%), and MTX (65.8%) of subjects.  The
frequency of withdrawals due to adverse events was higher in the LEF
(26.8%) than in the PBO (9.4%) or MTX (16.8%) groups.  For the year-2
cohort, adverse events considered related to study drug occurred more
frequently in the LEF (81.6%), compared to the PBO (63.9%), and MTX
(62.4%) groups.  The frequency of withdrawals due to adverse events was
similar in the LEF (7.1%) compared to the MTX (8.9%) group, with PBO
(0%).

In the ITT cohort, the most common adverse events considered related to
LEF administration were of gastrointestinal origin, predominantly diarrhea
(27.9% LEF, 13.3% PBO, and 13.7% MTX), LFT abnormalities (15.3% LEF,
and 10.5% MTX), dyspepsia (LEF 13.2%, PBO 13.3%, and MTX 8.9%) and
nausea (LEF 12.6%, PBO 18.0%, and MTX 15.8%).  In the year-2 cohort,
the most common adverse events considered related were diarrhea (LEF
31.6%, PBO 22.2%, and MTX 11.9%), dyspepsia (LEF 18.4%, PBO 16.7%,
and MTX 8.9%), rash (LEF 13.3%, PBO 2.8%, and MTX 3.0%), alopecia
(LEF 13.3%, PBO 0%, and MTX 4.0%), hypertension (LEF 12.2%, PBO
5.6%, and MTX 1.0%), abdominal pain, digestive system (LEF 10.2%, PBO
5.6%, and MTX 7.9%), and LFT abnormalities (LEF 10.2%, PBO 2.8%, and
MTX 8.9%).

Of the 63 total subjects in the ITT cohort with adverse events leading to
withdrawal from the study which were related, 38 (20.0%) received LEF, 7
(5.5%) PBO, and 18 (9.5%) MTX.  Of these, the most frequent events in the
LEF group (21 subjects, 11.1%) were in the digestive system, and included
LFT abnormalities, diarrhea, and nausea.  Of the 6 total subjects in the
year-2 cohort with adverse events leading to withdrawal from the study
which were related, 4 (4.1%) received LEF, 0% PBO, and 2 (2.0%) MTX.
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A comparison of the incidence of adverse events in year 1 with year 2 in the
year-2 cohort showed that, in general, adverse events decreased in year 2
in all treatment groups.  Exceptions were hypertension increased in LEF
from 15.3% to 23.5%, PBO from 5.6% to 11.1%, and MTX from 3.0% to
4.0%; arthralgia increased in LEF from 5.1% to 11.2%; and peripheral
edema increased in LEF from 5.1% to 10.2%.

The highest incidence of grouped adverse events in the leflunomide
treatment group in the ITT cohort was reported in the gastrointestinal
system.  Diarrhea was the most frequently reported: LEF (36.8%), PBO
(20.3%), and MTX (21.6%). The majority of diarrhea adverse events in the
LEF group were mild to moderate, all resolved without sequelae, and
occurred during the first 1-2 months of study drug administration, an effect
that may have been related to the loading dose of leflunomide at the
initiation of study.  Study treatment was decreased in 5 (2.6%) LEF
subjects; interrupted in 3 (1.6%) LEF, 1 (0.8%) PBO, and 6 (3.2%) MTX
subjects; and discontinued in 18 (9.5%) LEF, 3 (2.3%) PBO, and 10 (5.3%)
MTX subjects.  In the year-2 cohort, diarrhea was also the most frequently
reported: LEF (43.9%), PBO (30.6%), and MTX (23.8%).  These adverse
events in the LEF group were mild to moderate, and, with the exception of 2
(2%) subjects, all resolved.  Study treatment was decreased in 4 (4.1%)
LEF, and 1 (1.0%) MTX subjects; interrupted in 2 (2.0%) LEF and 2 (2.0%)
MTX subjects; and discontinued in 6 (6.1%) LEF and 3 (3.0%) MTX
subjects.  Diarrhea appeared to be an adverse effect of LEF, however, in
both cohorts the majority of the diarrhea was mild to moderate.

In the ITT cohort, nausea/vomiting was reported at a similar rate for the
three treatment groups: LEF (23.7%), PBO (22.7%), and MTX (21.6%). The
majority of cases were mild to moderate, and 5 (2.6%) LEF and 5 (2.6%)
MTX subjects had severe cases.  Study treatment was decreased in 1
(0.5%) LEF and 1 (0.5%) MTX subjects; interrupted in 4 (2.1%) LEF, 1
(0.8%) PBO, and 6 (3.2%) MTX subjects; and discontinued in 19 (10.0%)
LEF, 2 (1.6%) PBO, and 10 (5.3%) MTX subjects.  In the year-2 cohort,
nausea/vomiting was reported at a slightly lower rate in the LEF (18.4%)
compared to PBO (25.0%) and MTX (20.8%) groups.  Most cases were mild
to moderate in severity and 2 (2.0%) LEF, and 1 (2.8%) PBO subjects
required treatment.  Study treatment was decreased in 1 (1.0%) LEF and 1
(1.0%) MTX subjects; interrupted in 1 (1.0%) MTX subject; and discontinued
in 3 (3.1%) LEF and 4 (4.0%) MTX subjects. The incidence of
nausea/vomiting and dyspepsia in both the ITT and year-2 cohorts were
similar among treatment groups and may have been associated with NSAID
administration.  Nausea/vomiting did not appear to be an adverse effect of
leflunomide administration.

Abdominal pain in the ITT cohort occurred at a slightly higher rate in LEF
(18.9%) compared to PBO (10.9%) and MTX (14.7%) groups, and in the
year-2 cohort, LEF (23.5%), PBO (22.2%), and MTX (16.8%).  The similar
occurrence of abdominal pain in all treatment groups in both cohorts may
reflect NSAID use.  Abdominal pain did not appear to be an adverse effect
of leflunomide administration in both cohorts.

Oral ulcerations are an expected adverse event with methotrexate
administration and occurred less frequently in the LEF group compared to
the MTX group in the ITT cohort: LEF (6.8%), PBO (5.5%), and MTX
(10.5%).  In the year-2 cohort, the frequency was LEF (9.2%), PBO (2.8%),
and MTX (14.9%).
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In the ITT cohort, infections accounted for the second highest incidence of
adverse events in all three treatment groups.  Their occurrence was similar
in the LEF (64.2%) and MTX (65.8%) groups, compared to the PBO
(51.6%) group.  The infections in the LEF group were generally mild to
moderate.  Treatment-related infections occurred in LEF (3.2%), MTX
(2.1%), and PBO (0.8%) subjects.  Study treatment was decreased in 5
(2.6%) LEF, and 6 (3.2%) MTX; interrupted in 6 (3.2%) LEF and 3 (1.6%)
MTX subjects; and discontinued in 24 (12.6%) LEF, 5 (3.9%) PBO, and 18
(9.5%) MTX subjects.  The most common infections were respiratory and
their occurrence was similar in the LEF and MTX groups (37.4% and
38.4%, respectively), compared to PBO (25.0%) group.  Respiratory
infections related to study treatment were LEF (3.2%), MTX (2.1%), and
PBO (0.8%).  In the year-2 cohort, infections accounted for the highest
incidence of grouped adverse events in all three treatment groups.  Their
occurrence was similar in the LEF (84.7%) and MTX (86.1%) groups,
compared to the PBO (69.4%) group.  Study treatment was decreased in 4
(4.1%) LEF and 6 (5.9%) MTX subjects; interrupted in 5 (5.1%) LEF and 3
(3.0%) MTX subjects; and discontinued in 7 (7.1%) LEF and 8 (7.9%) MTX
subjects.  The most common infections were respiratory and their
occurrence was similar in the LEF and MTX groups (55.1% and 54.5%,
respectively), compared to PBO (38.9%).  Respiratory infections related to
study treatment were LEF (5.1%), MTX (4.0%), and PBO (0%).  There were
no opportunistic infections or disseminated herpes zoster or herpes
simplex.

Adverse events associated with the cardiovascular system in the ITT cohort
were more frequently reported in the LEF (27.9%), compared to PBO
(15.6%) and MTX (11.1%) groups.  The most frequently reported adverse
events were hypertension (LEF 18.4%, PBO 8.6%, and MTX 4.7%), and
chest pain (LEF 7.9%, PBO 6.3%, and MTX 4.7%).  The majority of these
events in the LEF group were mild to moderate.  Hypertension adverse
events were related to study drug in 8.9% LEF, 4.7% PBO, and 0.5% MTX
subjects.  There were 2 (1.1%) serious adverse events associated with
hypertension in the LEF, 1 (0.8%) PBO, and none in the MTX groups.
Hypertension at baseline was reported at a higher frequency in the LEF
subjects (13.7%), compared to PBO (8.6%), and MTX (2.1%) subjects.
New-onset hypertension was reported in 4.7% LEF, 0% PBO, and 2.6%
MTX subjects.  In the year-2 cohort, cardiovascular adverse events were
more frequently reported in the LEF (38.8%), compared to PBO (25.0%)
and MTX (9.9%) groups. The most frequently reported adverse events were
hypertension (LEF 28.6%, PBO 13.9%, and MTX 5.9%), and chest pain
(LEF 9.2%, PBO 11.1%, and MTX 4.0%).  The majority of these events in
the LEF group were mild to moderate.  Hypertension adverse events were
possibly or probably related to study drug in 12.2% LEF, 5.6% PBO, and
1.0% MTX subjects.  There were 2 (2.0%) serious adverse events
associated with hypertension in the LEF group.  Hypertension at baseline
was reported in 21.4% LEF, 13.9% PBO, but only 2.0% MTX subjects.
New-onset hypertension was reported in 7.1% LEF, 0% PBO, and 4.0%
MTX subjects.  In both the ITT and year-2 cohorts, hypertension at baseline
and concomitant NSAID and steroid use were higher in the LEF compared
to the PBO and MTX groups, which may reflect the higher occurrence of
hypertension in the LEF group.  Leflunomide administration did not appear
to have any clinically significant effect on blood pressure in the ITT and
year-2 cohorts.

In the ITT cohort, potential allergic reactions were reported in 29.5% LEF,
16.4% PBO, and 22.1% MTX subjects.  The most commonly reported
adverse events were rash (17.4% LEF, 8.6% PBO, and 11.1% MTX) and
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allergic reactions (10.5% LEF, 4.7% PBO, and 6.3% MTX).  Potential
allergic reactions related to leflunomide administration consisted mainly of
pruritus (3.7%) and rash (1.6%).  Study treatment was decreased in 3
(1.6%) LEF and 2 (1.1%) MTX subjects; interrupted in 2 (1.1%) LEF, 1
(0.8%) PBO, and 2 (1.1%) MTX subjects.  There were no serious adverse
events.  Treatment was discontinued for rash in 3 (1.6%) LEF, 3 (2.3%)
PBO, and 0% MTX subjects.  In the year-2 cohort, potential allergic
reactions were reported in 38.8% LEF, 13.9% PBO, and 29.7% MTX
subjects.  The most commonly reported adverse events were rash (21.4%
LEF, 8.3% PBO, and 12.9% MTX) and allergic reactions (17.3% LEF, 8.3%
PBO, and 8.9% MTX).  Study treatment was decreased in 3 (3.1%) LEF and
2 (2.0%) MTX subjects; interrupted in 1 (1.0%) LEF subject; and
discontinued in 4 (4.1%) LEF and 1 (1.0%) MTX subjects.  Potential allergic
reactions related to leflunomide administration were higher than in the ITT
cohort and consisted mainly of rash (13.3%), and pruritus (5.1%).  No
anaphylactic reactions or angioedema were noted in the ITT and year-2
cohorts.

In the ITT cohort, the incidence of rheumatoid arthritis (RA)-related adverse
events were evenly distributed among the three treatment groups (26.3%
LEF, 23.4% PBO, and 28.4% MTX).  The majority of events were mild to
moderate and were unrelated to study treatment.  Vasculitis occurred in 1
(0.5%) LEF subject in year 1, which was unrelated to study drug
administration, and 1 (0.5%) MTX subject in year 1, which was judged
related to study drug administration.  In the year-2 cohort, the incidence of
RA-related adverse events  was slightly higher than in the ITT cohort in the
two active treatment groups (34.7% LEF and 38.6% MTX, compared to
25.0% PBO).

In the ITT cohort, the incidence of central nervous system adverse events
was similar in all treatment groups (35.3% LEF, 28.1% PBO, and 35.3%
MTX).  Study treatment was decreased in 3 (1.6%) LEF, and 1 (0.5%) MTX
subjects; interrupted in 1 (0.5%) LEF and 1 (0.5%) MTX subjects; and
discontinued in 17 (8.9%) LEF and 17 (8.9%) MTX subjects.  The most
frequently reported event was headache (20.0% LEF, 17.2% PBO, and
23.2% MTX), of which related events occurred in 12.1% LEF, 7.8% PBO,
and 12.6% MTX.  The occurrence of grouped adverse events of
neuritis/neuropathy/paresthesia was similar in the two active treatment
groups (7.9% LEF and 7.4% MTX).  In the year-2 cohort, the incidence of
central nervous system adverse events was slightly higher than in the ITT
cohort, and was similar in all treatment groups (43.9% LEF, 38.9% PBO,
and 45.5% MTX).  Study treatment was decreased in 2 (2.0%) LEF and 1
(1.0%) MTX subjects; and discontinued in 5 (5.1%) LEF and 5 (5.0%) MTX
subjects.  The most frequently reported event was headache (19.4% LEF,
19.4% PBO, and 23.8% MTX), of which related events occurred in 10.2%
LEF, 8.3% PBO, and 10.9% MTX.  The occurrence of grouped adverse
events of neuritis/neuropathy/paresthesia was similar in the two active
treatment groups 13.3% LEF and 8.9% MTX).

Other adverse events of interest included alopecia, which occurred in the
ITT cohort in 10.5% LEF, 0.8% PBO, and 5.8% MTX subjects.  In the year-2
cohort, alopecia occurred in 13.3% LEF and 5.0% MTX subjects.  Most
cases were mild to moderate and resolved without treatment.  There were 9
discontinuations from study treatment due to alopecia in the ITT cohort (3
LEF, 1 PBO, and 5 MTX subjects).  In the year-2 cohort, there was only 1
discontinuation due to alopecia in the LEF and 1 decrease in dosage in the
MTX group.  It should be noted that the alopecia resolved in the LEF
subjects who discontinued.  Alopecia occurred with leflunomide and
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methotrexate administration, however the incidence in the LEF group
declined from 12.2% in year 1 to 5.1% in year 2, compared to 5.0% and
3.0%, respectively for the MTX group.

Laboratory variables.  Leflunomide administration in both the ITT and
year-2 cohorts did not appear to be associated with clinically significant
changes in hemoglobin, hematocrit, RBC parameters, platelets, and WBC
subpopulations.  There was no clinically significant effect on sodium,
potassium, chloride, bicarbonate, BUN or creatinine.  Leflunomide
administration did appear to be associated with a decrease in serum uric
acid in both the ITT and year-2 cohorts, due to the known uricosuric effect
of leflunomide on the brush border membrane of the proximal renal tubule
cells.  In both the ITT and year-2 cohorts, leflunomide did not appear to be
associated with clinically significant changes in total protein, albumin, and
total bilirubin.

Leflunomide administration appeared to be associated with elevations of
SGPT (ALT) and SGOT (AST) in the ITT and year-2 cohorts.  In the ITT
cohort, there were 10 (5.3%) LEF subjects with SGOT (AST) > 2x ULN to
3x ULN, and all normalized to ≤ 1.2x ULN.  Similarly, of 12 (6.3%) LEF
subjects with SGPT (ALT) > 2x to 3x ULN, all reversed to ≤ 2x ULN, 11
(5.8%) normalized to ≤ 1.2x ULN, 3 (1.6%) normalized after discontinuation,
and 8 (4.2%) normalized without dose reduction of study treatment.  There
were 7 (3.7%) LEF subjects with SGOT (AST) > 3x ULN, and all normalized
to ≤ 1.2x ULN.  Similarly, of 12 (6.3%) LEF subjects with SGPT (ALT) > 3x
ULN, all reversed to ≤ 2x ULN, 11 (5.8%) normalized to ≤ 1.2x ULN,
6 (3.2%) normalized after discontinuation, and 5 (2.6%) normalized without
dose reduction of study treatment.  Liver function abnormalities that were
judged related to study drug were similar in the two active treatment groups,
and occurred in 30 (15.8%) LEF, 4 (3.1%) PBO, and 22 (11.6%) MTX
subjects.  Of these, 14 (7.4%) LEF, 1 (0.8%) PBO, and 7 (3.7%) MTX
subjects discontinued from the study.    In the year-2 cohort, SGPT (ALT)
was moderately elevated at any visit in 8.2% LEF, 5.6% PBO, and 5.0%
MTX subjects; and marked elevations occurred in 6.1% LEF, 5.6% PBO,
and 4.0% MTX subjects.  SGOT (AST) was moderately elevated in 6.1%
LEF, 0% PBO, and 5.0% MTX subjects; marked elevations occurred in
3.1% LEF, 2.8% PBO, and 1.0% MTX subjects; and elevations > 8x ULN
occurred in 1.0% LEF subjects.  At worst evaluation, there were 5.1% LEF
subjects with SGOT (AST) > 2x ULN to 3x ULN, and all normalized to ≤
1.2x ULN.  Similarly, of 5.1% LEF subjects with SGPT (ALT) > 2x ULN to 3x
ULN, all normalized without dose reduction.  There were 4.1% LEF subjects
with SGOT (AST) > 3x ULN, and all  normalized to ≤ 1.2 x ULN.  Similarly,
of 6 (6.1%) LEF subjects with SGPT (ALT) > 3x ULN, all normalized to ≤
1.2x ULN without dose reduction.  Liver function abnormalities that were
judged related to study drug were very similar in the two active treatment
groups, and occurred in 10 (10.2%) LEF, 1 (2.8%) PBO, and 9 (8.9%) MTX
subjects.  Of these, 1 (1.0%) LEF subject discontinued from the study.

Leflunomide administration did not appear to be associated with any
clinically significant adverse effect on alkaline phosphatase in the ITT and
year-2 cohorts.

In both the ITT and year-2 cohorts, there were no adverse effects of
leflunomide administration on other chemistry parameters: LDH,
triglycerides, total cholesterol, calcium, phosphorous, glucose, and creatine
kinase. In both the ITT and year-2 cohorts, there was essentially no
difference between the three treatment groups in the tested parameters of
urinalysis.
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Clinical variables.  In both the ITT and year-2 cohorts, there were no
clinically significant differences between the three treatment groups in ECG,
chest X-ray or physical examination results.  Leflunomide administration
had no effect on body temperature, weight, or heart rate.

Alternate Therapy
Cohort

Efficacy 114 subjects were evaluable for efficacy in the alternate therapy phase of
the protocol (56 PBO/LEF, 34 MTX/LEF, 24 LEF/MTX).  Results were
variable over time, but indicated that improvement occurred in all three
treatment groups, not just those subjects entering from the placebo arm of
initial therapy.  Up to half of the subjects not responding to LEF or MTX
responded well to the other DMARD.  The percentage of subjects who were
ACR20 responders at endpoint was somewhat higher in the PBO/LEF
(52.8%) group than in the groups switching from one DMARD to the other
(MTX/LEF group [36.4%] and LEF/MTX [50.0%]).  ACR50 rates were higher
in the PBO/LEF group (23.8%) than in the other two groups (MTX/LEF
21.2% and LEF/MTX 16.7%).

Safety Serious adverse events were reported more frequently in the LEF/MTX
group (20.0%) than in PBO/LEF (16.1%) or MTX/LEF (11.4%) groups, with
only a few considered as related to study drug administration (4.0%
LEF/MTX, 3.6% PBO/LEF, and 0% MTX/LEF).  Withdrawals due to serious
adverse events were infrequent in all treatment groups (4.0% LEF/MTX,
3.6% PBO/LEF, and 0% MTX/LEF).  Serious adverse events that occurred
in more than one subject receiving leflunomide included coronary artery
disorder (2 subjects), bone necrosis (2), and joint disorder (2).  Adverse
events (both serious and non-serious adverse events) were reported more
frequently with leflunomide treatment (100.0% PBO/LEF, 94.3% MTX/LEF)
than methotrexate (88.0% LEF/MTX).

Adverse events considered related to study drug administration were more
frequent in the LEF groups (78.6% PBO/LEF, 77.1% MTX/LEF) than the
methotrexate group (56.0% LEF/MTX).  The frequency of withdrawals due
to adverse events was higher in the LEF groups (19.6% PBO/LEF, 14.3%
MTX/LEF) compared to methotrexate treatment (12.0% LEF/MTX), due to a
greater incidence of gastrointestinal disorders. The most common adverse
events considered related to leflunomide administration were of
gastrointestinal origin and consisted predominantly of diarrhea (26.8%
PBO/LEF, 28.6% MTX/LEF, 8.0% LEF/MTX), nausea (16.1% PBO/LEF,
17.1% MTX/LEF, 16.0% LEF/MTX), dyspepsia (10.7% PBO/LEF, 8.6%
MTX/LEF, 4.0% LEF/MTX), abdominal pain (8.9% PBO/LEF, 5.7%
MTX/LEF, 8.0% LEF/MTX), and LFT abnormalities (7.1% PBO/LEF, 11.4%
MTX/LEF, 8.0% LEF/MTX).  Other adverse events that appeared related to
leflunomide were alopecia (14.3% PBO/LEF, 5.7% MTX/LEF, 4.0%
LEF/MTX) and rash (7.1% PBO/LEF, 8.6% MTX/LEF, 0% LEF/MTX).

Of the 15 total subjects with non-serious adverse events leading to
withdrawal that were related to treatment, 16.1% were in the PBO/LEF,
11.4% in the MTX/LEF, and 8.0% in the LEF/MTX groups.  Of these, the
most frequent events (5 subjects, 8.9%) were in the digestive body system,
and included LFT abnormalities, vomiting, diarrhea, nausea, and aphthous
stomatitis.

The overall incidence of infections was higher in the methotrexate group
compared to both LEF groups (64.0% LEF/MTX, 57.1% PBO/LEF, 54.3%
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MTX/LEF).  The majority of infections as adverse events were respiratory
infections, which occurred at a higher rate in the LEF/MTX group (44.0%),
compared with the PBO/LEF (33.9%) and MTX/LEF (22.9%) groups.

The most frequently reported adverse events in the cardiovascular system
were hypertension (14.3% MTX/LEF, 7.1% PBO/LEF, 0% LEF/MTX), and
chest pain (11.4%, 5.4%, and 8.0%, respectively).  Hypertension adverse
events were related to study drug in 11.4% MTX/LEF and 1.8% PBO/LEF
subjects.  In the subset of subjects with hypertension as an adverse event,
there was a higher incidence of concomitant hypertension at baseline in 2
(3.6%) PBO/LEF, and 4 (11.4%) MTX/LEF subjects, compared to 0%
LEF/MTX subjects.  New-onset hypertension was reported more frequently
in LEF subjects (3.6% PBO/LEF, 2.9% MTX/LEF, 0% LEF/MTX), but the
incidence was low.  There were no treatment discontinuations due to
hypertension.

Potential allergic reactions were reported in 28.6% PBO/LEF, 25.7%
MTX/LEF, and 8.0% LEF/MTX subjects.  Potential allergic reactions
possibly or probably related to leflunomide consisted mainly of rash (7.1%
PBO/LEF and 8.6% MTX/LEF, compared to 0% LEF/MTX).

The incidence of RA-related adverse events was evenly distributed among
the three treatment groups (25.0% PBO/LEF, 22.9% MTX/LEF, and 24.0%
LEF/MTX).

Central nervous system adverse events were reported in 32.1% PBO/LEF,
31.4% MTX/LEF, and 24.0% LEF/MTX subjects.  The majority of central
nervous system adverse events consisted of headache (21.4% PBO/LEF,
14.3% MTX/LEF, and 24.0% LEF/MTX), paresthesia (10.7%, 11.4%, and
4.0%), and dizziness (7.1%, 5.7%, and 0%).  There was one serious
adverse event in the MTX/LEF group, consisting of anxiety and paresthesia
that was judged unrelated to study drug administration.

Laboratory variables.  Leflunomide administration had no effect on
sodium, potassium, chloride, bicarbonate, BUN or creatinine.  Leflunomide
appeared to be associated with a decrease in uric acid, due to the known
effect of the drug on the brush border membrane of the proximal renal
tubule cells without alterations in renal function or evidence of renal tubular
acidosis.

All treatment groups at any visit had similar elevations of SGPT (ALT) and
SGOT (AST).  Most elevations were mild to moderate and resolved during
treatment; moderate elevations of SGPT (ALT) (> 2x ULN to 3x ULN) were
highest in the LEF/MTX group (8.0%), compared to the PBO/LEF (3.6%),
and MTX/LEF (5.7%) groups.  Marked elevations at worst evaluation (>3x
ULN) were less frequent and reversed without dose reduction.  Liver
function abnormalities that were judged related to study drug were similar in
all treatment groups, and occurred in 4 (7.1%) PBO/LEF, 4 (11.4%)
MTX/LEF, and 2 (8.0%) LEF/MTX subjects.  Of these, 1 (1.8%) PBO/LEF, 1
(2.9%) MTX/LEF, and 2 (8.0%) LEF/MTX subjects discontinued from the
study.  Leflunomide administration did not appear to be associated with any
clinically significant adverse effects on SGPT (ALT) and SGOT (AST) in the
alternate therapy cohort.

Alkaline phosphatase was mildly elevated (> 1.2 x ULN and < 2 x ULN) in
8.9% PBO/LEF, 5.7% MTX/LEF, and 4.0% LEF/MTX subjects. Moderate
elevation (> 2 x ULN to < 3 x ULN) occurred in 2.9% of MTX/LEF subjects.
Leflunomide appeared to be associated with a mild, but clinically
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insignificant elevation of alkaline phosphatase in a small percentage of
patients.

There was no effect on total protein, albumin or total bilirubin and no
clinically significant differences in urinalysis results between the three
treatment groups.

Leflunomide was associated with an increase in triglycerides, with shifts
from normal values at baseline to values above the normal range at
endpoint in 20.4% PBO/LEF, 26.9% MTX/LEF, and 0% LEF/MTX subjects.
Leflunomide did not appear to be associated with any clinically significant
increase in total cholesterol.

There were no adverse effects of leflunomide on other chemistry
parameters, such as glucose, creatine kinase (CK), calcium, and
phosphorous.

Clinical Variables.  There were no clinically significant differences between
the three treatment groups in ECG, chest X-ray or physical examination
results.  Leflunomide had no effect on body temperature or heart rate.
Clinically relevant changes in weight from baseline to endpoint occurred in
3.6% PBO/LEF, 8.6% MTX/LEF, and 0% of LEF/MTX subjects.  Hence,
weight loss in a small number of subjects may be associated with
leflunomide.

Subjects in both the leflunomide treated groups in the alternate therapy
phase had similar safety profiles, regardless of the treatment during the
initial therapy phase.

COMMENTS/ 
CONCLUSIONS This clinical trial yielded highly statistically significant results that

demonstrated leflunomide was superior to placebo in the treatment of active
RA.  This was demonstrated by a reduction of signs and symptoms of RA,
and the sustaining of clinical and radiographic benefit over 24 months.  The
retardation of disease progression was maintained between year 1 and year
2 in subjects who continued therapy.  Analysis of the functional ability and
health-related quality of life measures over 2 years showed  the use of
leflunomide effected statistically significant improvements over both short-
and long-term therapy.  In addition, ACR20 response rates for the
leflunomide and methotrexate groups were statistically equivalent, though
the leflunomide rate was numerically higher at 24 months.  There was an
earlier response in the LEF group compared to the MTX group, although the
results for methotrexate approached those of leflunomide at endpoint.  The
methotrexate response was highly significantly better than the placebo
response.  The safety profile of leflunomide in the ITT cohort over 2 years,
and the year-2, and alternate therapy cohorts appeared to be acceptable
and was generally similar to that of methotrexate.  These results provide a
safety profile that supports the findings from the one year data.

p00182



HWA 486/F/USA/301/RA - LEFLUNOMIDE 25 August 1999 13

US301_Se

p00183



100

p00184



101

p00185



102

p00186



103

p00187



104

p00188



105

p00189



106

p00190



107

p00191



108

p00192



109

p00193



110

p00194



3RVW�PDUNHWLQJ�FRKRUW�VWXG\�RI�OHIOXQRPLGH����

3267�0$5.(7,1*�&2+257
678'<�2) �/()/8120,'(�$1'

27+(5�'0$5'6

$ � &203$5$7 ,9( � 5 , 6. � $1$/< 6 , 6

678'<�5(3257

E\

*OREDO�(SLGHPLRORJ\

$YHQWLV�3KDUPDFHXWLFDOV�,QF�

���-DQXDU\�����

&21),'(17,$/

p00195



3RVW�PDUNHWLQJ�FRKRUW�VWXG\�RI�OHIOXQRPLGH����

3 2 6 7 � 0 $ 5 . ( 7 , 1 * � & 2 + 2 5 7 � 6 7 8 ' < � 2 )
/ ( ) / 8 1 20 , ' ( � $ 1' � 2 7+ (5 � '0$5' 6

$�&203$5$7,9(�5,6.�$1$/<6,6

�� %$&.*5281'

$�SRVW�PDUNHWLQJ��UHWURVSHFWLYH�FRKRUW�VWXG\�FRPSDULQJ�WKH�UDWH�RI�DGYHUVH�HYHQWV��$(V��DPRQJVW

OHIOXQRPLGH�XVHUV�WR�SDWLHQWV�WDNLQJ�'LVHDVH�0RGLI\LQJ�$QWL�5KHXPDWLF�'UXJV��'0$5'V���HJ��JROG�VDOWV�

D]DWKLRSULQH��K\GUR[\FKORURTXLQH��'�SHQLFLOODPLQH��DQG�VXOSKDVDOD]LQH���PHWKRWUH[DWH��16$,'V��DQG�WKH

FR[���LQKLELWRUV�ZDV�XQGHUWDNHQ�WR�DGGUHVV�VHYHUDO�LVVXHV���/HIOXQRPLGH��DSSURYHG�E\�WKH�)'$�LQ

6HSWHPEHU�������ZDV�WKH�ILUVW�QHZ�'0$5'�LQWURGXFHG�LQ�D�GHFDGH��DQG�LV�LQGLFDWHG�IRU�DGXOWV�ZLWK�DFWLYH

UKHXPDWRLG�DUWKULWLV��5$��WR�UHGXFH�VLJQV�DQG�V\PSWRPV�DQG�WR�UHWDUG�VWUXFWXUDO�GDPDJH�DV�HYLGHQFHG�E\

;�UD\�HURVLRQV�DQG�MRLQW�VSDFH�QDUURZLQJ���6SRQWDQHRXV�UHSRUWV�WR�GUXJ�UHJXODWRUV�DV�ZHOO�FOLQLFDO�FDVHV

GHVFULEHG�LQ�WKH�OLWHUDWXUH�ZDUUDQW�D�IRUPDO�LQYHVWLJDWLRQ�RI�WKHVH�SRWHQWLDO�VLJQDOV���6SHFLILFDOO\��WKLV�VWXG\

IRFXVHV�RQ�WKH�DVVHVVPHQW�RI�VHULRXV�KHSDWLF��GHUPDWRORJLF��KHPDWRORJLF��LQIHFWLRXV�DQG�RWKHU�DGYHUVH

HYHQWV�

�� 35,1&,3$/�$,06

7KH�SULQFLSDO�DLP�RI�WKLV�FRKRUW�VWXG\�ZDV�WR�

- GHWHUPLQH� WKH� LQFLGHQFH� UDWHV�RI� VHULRXV�KHSDWLF� �H�J��� OLYHU� QHFURVLV�� KHSDWLWLV�� DFXWH� OLYHU� IDLOXUH��

GHUPDWRORJLF� �H�J��� 6WHYHQV�-RKQVRQ� 6\QGURPH�� 7R[LF� (SLGHUPDO� 1HFURO\VLV��� KHPDWRORJLF� �H�J��

DSODVWLF� DQHPLD��� K\SHUWHQVLRQ�� DQG� RWKHU� DGYHUVH� HYHQWV� DPRQJ� OHIOXQRPLGH� XVHUV� DQG� FRPSDUH

WKHP�WR�UDWHV�LQ�XVHUV�RI�RWKHU�'0$5'V��16$,'V��FR[���LQKLELWRUV��DQG�PHWKRWUH[DWH�

p00196



3RVW�PDUNHWLQJ�FRKRUW�VWXG\�RI�OHIOXQRPLGH����

�� 678'<�0(7+2'6�$1'�'$7$�6285&(

��� 678'<�'(6,*1

7KH�GHVLJQ�LV�D�G\QDPLF�UHWURVSHFWLYH�FRKRUW�VWXG\���7KH�DGYDQWDJH�RI�WKLV�GHVLJQ�LV�LWV�IOH[LELOLW\�WR

LGHQWLI\�D�ODUJH�QXPEHU�RI�SDWLHQW�FRKRUWV��GHILQHG�E\�GLDJQRVLV�DQG�PHGLFDWLRQ�H[SRVXUH��DQG�IROORZ

WKHP�WKURXJK�WKHLU�FRXUVH�RI�WKHUDS\�WR�HVWLPDWH�GLUHFWO\�WKH�VWUHQJWK�RI�WKH�DVVRFLDWLRQ�EHWZHHQ�H[SRVXUH

DQG�RXWFRPH��H�J���VHYHUH�KHSDWLF�DQG�RWKHU�HYHQWV��RYHU�WLPH�

��� '$7$�6285&(

7KH�GDWD�VRXUFH�VHOHFWHG�IRU�WKLV�VWXG\�LV�WKH�$HWQD�86�+HDOWKFDUH�FODLPV�GDWDEDVH��D�UHSRVLWRU\�RI�KHDOWK

LQIRUPDWLRQ�RQ�����������FRYHUHG�OLYHV��ZLWK�OLQNDJH�WR�PHGLFDO��SKDUPDF\��DQG�ODERUDWRU\�GDWD���$HWQD

KDV�D�ORQJ�KLVWRU\�RI�FOLQLFDO�GDWDEDVH�UHVHDUFK��������DQG�DQ�HVWDEOLVKHG�LQIUDVWUXFWXUH�IRU�ZRUNLQJ�ZLWK

GDWDEDVHV��DV�ZHOO�DV�WKH�LQWHUQDO�FDSDELOLW\�WR�DEVWUDFW�GDWD�IURP�PHGLFDO�UHFRUGV���,QVXUDQFH�FODLPV

GDWDEDVHV�DUH�FRPPRQO\�XVHG�LQ�SKDUPDFRHSLGHPLRORJ\�UHVHDUFK��DV�WKH\�DIIRUG�WKH�LQYHVWLJDWRU�ODUJH

QXPEHUV�RI�VXEMHFWV��RIWHQ�WKH�ODUJHVW�DYDLODEOH��DV�ZHOO�DV�GDWD�RQ�PHGLFDO�VHUYLFHV��SKDUPDF\�VHUYLFHV

�LQFOXGLQJ�GDWH�RI�GLVSHQVLQJ��GUXJ�QDPH�DQG�GRVDJH��DQG�GXUDWLRQ�RI�SUHVFULSWLRQ���DQG�HQUROOPHQW�WLPH

RI�PHPEHUV��ZKLFK�DOORZV�FDOFXODWLRQ�RI�SHUVRQ�WLPH�DW�ULVN��

��� 678'<�3(5,2'

/HIOXQRPLGH�ZDV�ODXQFKHG�LQ�6HSWHPEHU������LQ�WKH�86���$OO�OHIOXQRPLGH�XVHUV�ZHUH�LGHQWLILHG�LQ�WKH

GDWDVHW�DQG�VLPLODUO\�DOO�FRPSDUDWRU�VXEMHFWV�ZHUH�LGHQWLILHG�IURP�6HSWHPEHU������WKURXJK�'HFHPEHU

�����

��� '(),1,7,21�2)�678'<�&2+2576

6HYHUDO�FRKRUWV�ZHUH�GHILQHG�IRU�WKLV�VWXG\���$V�D�UHIHUHQFH�FRKRUW��OHIOXQRPLGH�PRQRWKHUDS\�DQG

OHIOXQRPLGH���PHWKRWUH[DWH�SDWLHQWV�ZHUH�XVHG��JLYHQ�WKDW�WKH\�DUH�RI�PRVW�LQWHUHVW���&RPSDULVRQ�FRKRUWV

LQFOXGH�PHWKRWUH[DWH��'0$5'��DQG�QRQ�'0$5'�SDWLHQWV��16$,'�DQG�FR[���XVHUV��DV�ZHOO�DV

OHIOXQRPLGH�SOXV�PHWKRWUH[DWH�DQG�OHIOXQRPLGH�SOXV�RWKHU�'0$5'�SDWLHQWV���&RPSDULVRQV�ZHUH�OLPLWHG

WR�PRQRWKHUDS\�DQG�WZR�GUXJ�WKHUDS\�FRKRUWV���7KH�GHVLJQ�LV�G\QDPLF��RU�YDULDEOH��PHDQLQJ�WKDW�SHUVRQV

PD\�FRQWULEXWH�H[SRVXUH�WLPH�WR�DQ\�QXPEHU�RI�GLIIHUHQW�FRKRUWV���7LPH�ZLQGRZV�RI�H[SRVXUH�DUH�GHILQHG

EHORZ�

p00197



3RVW�PDUNHWLQJ�FRKRUW�VWXG\�RI�OHIOXQRPLGH����

��� '(),1,7,21�2)�(;32685(�3(5,2'�%$6('�21�3+$50$&<�),/(6

&ODVVLILFDWLRQ�RI�HDFK�FRKRUW�PHPEHU¶V�SHUVRQ�WLPH�EHJDQ�ZLWK�WKH�ILUVW�SUHVFULSWLRQ�RI�DQ\�RI�WKH

H[SRVXUHV�RI�LQWHUHVW��OHIOXQRPLGH��PHWKRWUH[DWH��'0$5'V��DQG�QRQ�'0$5'V��DQG�SURFHHGHG��WKURXJK

WKH�HQG�RI�WKH�ODVW�SUHVFULSWLRQ���7R�WDNH�DFFRXQW�RI�OHIOXQRPLGH¶V�UHODWLYHO\�ORQJ�KDOI�OLIH��HVWLPDWHG�WR�EH

WZR�ZHHNV���WKH�ZDVKRXW�SHULRG�ZDV�VHW�DW����GD\V���7KXV��WKH�SHUVRQ�WLPH�IRU�D�VLQJOH�SUHVFULSWLRQ

LQFOXGHV�HDFK�GD\�IURP�WKH�GDWH�RI�WKH�ILUVW�SUHVFULSWLRQ�WKURXJK�HLWKHU�WKH�ODVW�GD\�IRU�WKDW�SUHVFULSWLRQ

�SOXV����GD\V��RU�WKH�ILUVW�GD\�RI�WKH�QH[W�SUHVFULSWLRQ��ZKLFKHYHU�FRPHV�ILUVW���6LPLODUO\�IRU�WKH�RWKHU

H[SRVXUHV�RI�LQWHUHVW��WKH�HTXLYDOHQW�RI�ILYH�KDOI�OLYHV�ZHUH�DGGHG�WR�WKH�HQG�RI�WKH�SUHVFULSWLRQ�SHULRG�LQ

RUGHU�WR�FDOFXODWH�SHUVRQ�WLPH�H[SRVXUH��VHH�$SSHQGL[�&�IRU�WKH�OLVW�RI�KDOI�OLYHV��

,Q�WKH�FDVH�ZKHUH�D�SHUVRQ�KDV�RYHUODSSLQJ�SUHVFULSWLRQV�IRU�GLIIHUHQW�UKHXPDWRLG�DUWKULWLV�PHGLFDWLRQV�

KLV�RU�KHU�SHUVRQ�WLPH�ZDV�DSSRUWLRQHG�WR�WKH�DSSURSULDWH�FRPELQDWLRQ�H[SRVXUH�FDWHJRU\�IRU�WKDW�SHULRG

RI�RYHUODS�WLPH���7KLV�ZDV�HDVLO\�DFFRPSOLVKHG�ZLWK�WKH�$HWQD�GDWDEDVH��ZKLFK�UHFRUGV�WKH�IROORZLQJ��GD\V

VXSSO\��XQLWV�GLVSHQVHG��VWUHQJWK��DQG�GDWH�RI�GLVSHQVLQJ�

)RU�DQ\�GLVSHQVLQJ�IRU�ZKLFK�WKH�GD\V�VXSSOLHG�DUH�PLVVLQJ�RU�]HUR��WKH�PHGLDQ�GD\V�VXSSOLHG�IRU�XVHUV�RI

WKDW�PHGLFDWLRQ�ZDV�HPSOR\HG�

3HUVRQ�WLPH�DW�ULVN�ZDV�DJJUHJDWHG�LQWR�WKH�GLIIHUHQW�WLPH�ZLQGRZV�DFFRUGLQJ�WR�OHIOXQRPLGH�RU�RWKHU

'0$5'�XVH�DQG�FRQWLQXHG�XQWLO�WKH�HDUOLHVW����FRQILUPHG�HYHQW�RI�LQWHUHVW�����HQG�RI�ZDVKRXW�IRU�D�JLYHQ

PHGLFDWLRQ�����GDWH�RI�ODVW�HQUROOPHQW�����GHDWK��RU����HQG�RI�WKH�VWXG\�SHULRG���$JDLQ��WKLV�LV�D�G\QDPLF

FRKRUW�LQ�ZKLFK�D�VXEMHFW�PD\�FRQWULEXWH�SHUVRQ�WLPH�WR�PRUH�WKDQ�RQH�FRKRUW�

([SRVXUH�SHULRG�DW�ULVN�ZLOO�HQG�ZLWK�WKH�ILUVW�RI�WKHVH�HYHQWV�

- (QG�RI�WKH�VWXG\�SHULRG

- 7HUPLQDWLRQ�RI�HQUROOPHQW�LQ�WKH�KHDOWK�SODQ��%HFDXVH�VPDOO�ODSVHV�LQ�HQUROOPHQW�DUH�QRW�XQFRPPRQ

GXH�WR�DGPLQLVWUDWLYH�SURFHGXUHV��JDSV�LQ�HQUROOPHQW�RI�XS�WR����GD\V�DUH�SHUPLWWHG�

- 6SHFLILF�FOLQLFDO�RXWFRPHV�RI�LQWHUHVW

- 'HDWK

7KH�DVVXPSWLRQ�LV�WKDW�WKH�RXWFRPH�RI�LQWHUHVW�LV�DFXWH��LQ�WKDW�LW�KDV�D�FORVH�WHPSRUDO�OLQN�WR�WKH

H[SRVXUH��7R�VWXG\�WKLV�W\SH�RI�GUXJ�HIIHFW�LW�LV�QHFHVVDU\�WR�WUDFN�FORVHO\�KRZ�GUXJ�XVH�FKDQJHV�RYHU�WLPH�

EHFDXVH�WKH�GUXJ�LQGXFHG�ULVN�EHJLQV�ZKHQ�WKH�GUXJ�LV�VWDUWHG���7KH�KDOI�OLIH�RI�OHIOXQRPLGH�LV

DSSUR[LPDWHO\�WZR�ZHHNV�DQG�WKHUHIRUH�WKH�ULVN�SHULRG�IRU�OHIOXQRPLGH�SDWLHQWV�ZDV�GHILQHG�DV�WKH�WLPH

RQ�OHIOXQRPLGH�WKHUDS\�SOXV����GD\V��DSSUR[LPDWHO\���WLPHV�WKH�PHWDEROLF�KDOI�OLIH��DIWHU�WKH�ODVW�GRVH�

6LPLODUO\��WKH�PHWKRWUH[DWH�ULVN�SHULRG�ZDV�GHILQHG�DV�WKH�WLPH�RQ�PHWKRWUH[DWH�WKHUDS\�SOXV�����GD\V�

7KH�KDOI�OLYHV�RI�RWKHU�'0$5'V�YDULHG�IURP�����WR����GD\V��DQG�WKH�H[SRVXUH�WDLOV�ZHUH�FDOFXODWHG

DFFRUGLQJO\�
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,Q�TXDQWLI\LQJ�H[SRVXUH�WR�WKH�VWXG\�PHGLFDWLRQV��DWWHPSWV�ZHUH�PDGH�WR�WUDFN�FKDQJHV�WKDW�RFFXU�ZLWK

WLPH���%HFDXVH�LW�LV�QHYHU�GHILQLWLYHO\�NQRZQ�KRZ�SDWLHQWV�DUH�WDNLQJ�WKHLU�PHGLFDWLRQ�RU�ZKHQ�WKH\

DFWXDOO\�VWRS��RQO\�SUR[LHV�IRU�WKLV�H[SRVXUH��DV�SHU�LQVWUXFWLRQV�RI�SUHVFULSWLRQV�ILOOHG��FDQ�EH�FUHDWHG�

��� ,1&/86,21�&5,7(5,$�,172�7+(�&2+257

- %HFDXVH�VHYHUDO�RI�WKH�FRPSDUDWRU�PHGLFDWLRQV�KDYH�LQGLFDWLRQV�RWKHU�WKDQ�UKHXPDWRLG�DUWKULWLV�

LQFOXVLRQ�LQ�WKH�VWXG\�SRSXODWLRQ�IRU�QRQ�OHIOXQRPLGH�SDWLHQWV�ZDV�GHILQHG�E\�D�FRPELQDWLRQ�RI

GLDJQRVLV�DQG�WUHDWPHQW���7KHUHIRUH��DOO�OHIOXQRPLGH�SDWLHQWV�ZHUH�LQFOXGHG�LQ�WKH�VWXG\��EHFDXVH�WKH

GUXJ�LV�LQGLFDWHG�RQO\�IRU�5$��ZKLOH�FRPSDUDWRU�GUXJ�XVHUV��LH��H[SRVXUHV�WR�WKH�RWKHU�PHGLFDWLRQV

OLVWHG�LQ�$SSHQGL[�$��UHTXLUHG�D�UKHXPDWRLG�DUWKULWLV�GLDJQRVLV�ZLWKLQ����GD\V��EHIRUH�RU�DIWHU��WKH

SUHVFULSWLRQ�GDWH�IRU�WKH�PHGLFDWLRQ��WR�DVVXUH�OLPLWLQJ�WKH�DQDO\VHV�WR�SDWLHQWV�ZLWK�UKHXPDWRLG

DUWKULWLV�

- 6H[�DQG�GDWH�RI�ELUWK�DUH�NQRZQ�

- (LJKWHHQ�\HDUV�RI�DJH�RU�ROGHU�RQ�W���WKH�WLPH�RI�HQWU\�LQWR�WKH�FRKRUW�

��� (;&/86,21�&5,7(5,$

$PRQJVW�WKH�QRQ�OHIOXQRPLGH�XVHUV��SDWLHQWV�ZHUH�H[FOXGHG�LI�WKH\�H[SHULHQFHG�RQH�RI�WKH�KHSDWLF�HYHQWV

RI�LQWHUHVW��VHH�7DEOH����LQ�WKH����GD\�SHULRG�SULRU�WR�SRWHQWLDO�HQWU\�LQWR�WKH�FRKRUW���7KH�VWDQGDUG

SUDFWLFH�RI�H[FOXGLQJ�SDWLHQWV�ZLWK�WKH�HYHQWV�RI�LQWHUHVW�LV�FULWLFDO�WR�WKH�FKRVHQ�GHVLJQ��SDUWLFLSDQWV�PXVW

EH�DW�ULVN�RI�GHYHORSLQJ�WKH�RXWFRPHV�RI�LQWHUHVW���$OO�OHIOXQRPLGH�XVHUV�ZHUH�LQFOXGHG�LQ�WKH�VWXG\��WKRVH

ZLWK�DQG�ZLWKRXW�D�KLVWRU\�RI�KHSDWLF�GLVHDVH��WKLV�LVVXH�LV�DGGUHVVHG�ODWHU�LQ�WKH�UHSRUW��

��� 35,0$5<�(1'32,176

$Q\�LQSDWLHQW�RU�RXWSDWLHQW�HQFRXQWHU�WKDW�UHIOHFWV�WKH�NH\�HYHQWV�RI�LQWHUHVW�ZLOO�EH�FRQVLGHUHG�D�SRWHQWLDO

FDVH���,W�LV�UHFRJQL]HG�WKDW�WKHVH�FRGHV�LQ�DQG�RI�WKHPVHOYHV�GR�QRW�FRQQRWH�D�PHGLFDWLRQ�LQGXFHG�HYHQW

EXW�WKH\�GR�DOORZ�WKH�FDVWLQJ�RI�D�ZLGHU�QHW�DQG�GR�QRW�H[FOXGH�SRWHQWLDO�FDVHV�WKDW�PD\�EH�RI�LQWHUHVW�

,&'�FRGHV�IRU�VHULRXV�HYHQWV�DUH�VSHFLILHG�LQ�WKH�SURWRFRO��VHH�$SSHQGL[�%����$V�DQ�H[DPSOH��7DEOH���OLVWV

VHYHUDO�FRGHV�IRU�KHSDWLF�HYHQWV�

2WKHU�SULPDU\�HQGSRLQWV�LQFOXGH�KHPDWRORJLF��DFTXLUHG�SDQF\WRSHQLD��DSODVWLF�DQHPLD���VHYHUH�VNLQ

UHDFWLRQV��6WHYHQV�-RKQVRQ�V\QGURPH��WR[LF�HSLGHUPDO�QHFURO\VLV���K\SHUWHQVLRQ��YDVFXOLWLV�DQG

KHPRO\WLF�DQHPLD��SQHXPRQLWLV��DFXWH�SDQFUHDWLWLV��*,�EOHHGLQJ��DQG�XSSHU�UHVSLUDWRU\�WUDFW�LQIHFWLRQV

DQG�EURQFKLWLV�
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�� $1$/<7,&�3/$1

6LPSOH�GHVFULSWLYH�FKDUDFWHULVWLFV�RI�WKH�FRKRUW�KDYH�EHHQ�JHQHUDWHG��LQ�DGGLWLRQ�WR�WRWDO�VXEMHFWV��SHUVRQ�

WLPH�� PHDQ� OHQJWK� RI� H[SRVXUH� WLPH�� DQG� QXPEHU� RI� HYHQWV�� � ,QFLGHQW� UDWHV� KDYH� EHHQ� FDOFXODWHG� WR

FRPSDUH� HYHQWV� EHWZHHQ� OHIOXQRPLGH� PRQRWKHUDS\� SDWLHQWV� DQG� D� VHULHV� RI� FRPSDUDWRU� SDWLHQWV� �HJ�

PHWKRWUH[DWH�PRQRWKHUDS\�DQG�YDULRXV�FRPELQDWLRQV�RI�GUXJV���DORQJ�ZLWK�����FRQILGHQFH� LQWHUYDOV� WR

IDFLOLWDWH�HYDOXDWLRQ�RI�SURGXFW�GLIIHUHQFHV�

$GMXVWPHQW�IRU�SRWHQWLDO�FRQIRXQGHUV�ZDV�SHUIRUPHG�E\�SXWWLQJ�DJH��VH[��DQG�FRPRUELGLW\�LQWR�D�3RLVVRQ

UHJUHVVLRQ�PRGHO���7KH�3RLVVRQ�DVVXPSWLRQ�ZDV�FKRVHQ�IRU�WKH�PRGHOLQJ�VWUDWHJ\�EHFDXVH�LW�SUHVXPHV

WKDW�WKH�QXPEHU�RI�RXWFRPHV�RI�LQWHUHVW�DUH�VPDOO�FRPSDUHG�WR�WKH�WRWDO�FRKRUW�VL]H�DQG�DUH�VWDWLVWLFDOO\

LQGHSHQGHQW�HYHQWV���7KLV�DVVXPSWLRQ�KROGV�HYHQ�LI�WKH�VDPH�LQGLYLGXDOV�FRQWULEXWH�SHUVRQ�WLPH�WR�PRUH

WKDQ�RQH�VWUDWXP���3RLVVRQ�UHJUHVVLRQ�WKHRU\�SUHVXPHV�WKDW�WKH�UDULW\�RI�WKH�RXWFRPH�HYHQWV�LQ�DQ\�RQH

WLPH�IUDPH��ZKLOVW�UHPRYLQJ�WKRVH�LQGLYLGXDOV�ZKR�H[SHULHQFHG�WKRVH�HYHQWV�IURP�ULVN��QRQHWKHOHVV�KDV

OLWWOH�HIIHFW�RQ�WKH�SUREDELOLW\�RI�D�VSHFLILHG�QXPEHU�RI�HYHQWV�LQ�WKH�QH[W�WLPH�IUDPH������

$GMXVWPHQW�IRU�FRPRUELGLWLHV�XWLOL]HG�WKH�VFRULQJ�RI�WKH�&KDUOVRQ�,QGH[�������7KLV�LV�D�ZHLJKWHG�LQGH[�XVHG

WR�FODVVLI\�FRPRUELGLWLHV��WDNLQJ�LQWR�DFFRXQW�WKHLU�QXPEHU�DQG�VHYHULW\�

�� &$6(�9$/,'$7,21

$Q�LPSRUWDQW�HOHPHQW�RI�WKLV�VWXG\�LV�FDVH�YDOLGDWLRQ���$V�RULJLQDOO\�GHVFULEHG�LQ�WKH�VWXG\�SURWRFRO��WKH

YDOLGDWLRQ�SURFHVV�ZLOO�LQFOXGH�SULPDU\�GDWD�DEVWUDFWLRQ�IURP�WKH�VRXUFH�PHGLFDO�UHFRUGV�DFFRUGLQJ�WR�DQ

HVWDEOLVKHG�SURFHGXUH���7KH�YDOLGDWLRQ�HIIRUW�ZLOO�EH�GLUHFWHG�RQO\�WR�KHSDWLF�HYHQWV��WKH�WRWDO�QXPEHU�RI

$(V�REVHUYHG�LQ�WKH�FRKRUW�LV���������ZKLFK�LV�EH\RQG�WKH�VFRSH�RI�DQ\�YDOLGDWLRQ�HQGHDYRU���7KH�ILQDO

VDPSOH�RI�KHSDWLF�HYHQWV�WR�EH�YDOLGDWHG�ZLOO�EH�VHOHFWHG�IURP�WKH�WRWDO�RI�����VXFK�HYHQWV��DV�IROORZV�

�����RI�WKH�OLYHU�QHFURVHV������RI�WKH�ELOLDU\�FLUUKRVLV�FDVHV������RI�KHSDWLF�FRPD�FDVHV������RI

QRQLQIHFWLRXV�WR[LF�KHSDWLWLV�FDVHV������RI�WKH�QRQ�DOFRKROLF�OLYHU�FLUUKRVLV�FDVHV������RI�XQVSHFLILHG

FKURQLF�OLYHU�GLVHDVH������RI�WKH�RWKHU�VSHFLILHG�OLYHU�GLVRUGHUV������RI�WKH�XQVSHFLILHG�OLYHU�GLVRUGHU�����

RI�WKH�MDXQGLFH�FDVHV���DQG�����RI�WKH�HOHYDWHG�OLYHU�HQ]\PH�FDVHV�

'HWDLOHG�GDWD�RQ�WKH�VHYHUH�KHSDWLF�HYHQWV�ZHUH�REWDLQHG���$SSUR[LPDWHO\�����RI�WKHVH�HYHQWV�ZHUH

QRQLQIHFWLRXV��WR[LF�KHSDWLWLV�����ZHUH�ELOLDU\�FLUUKRVLV�����DFXWH�QHFURVLV�RI�WKH�OLYHU�����KHSDWLF�FRPD�

DQG�����ZHUH�µRUSKDQ�HYHQWV¶��LH��WKRVH�$(V�QRW�DVVRFLDWHG�ZLWK�DQ\�GUXJ�H[SRVXUH�EHFDXVH�WKH\�GLG�QRW

RFFXU�ZLWKLQ�WKH�GHILQHG�H[SRVXUH�ZLQGRZV�

7KH�IRUPDO�SURWRFRO�ZLOO�EH�DV�IROORZV�
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- $OO�SDWLHQWV�LQ�WKH�5$�FRKRUW�ZLWK�D�GLDJQRVLV�FRGH�LQGLFDWLQJ�D�KHSDWLF�HYHQW�RI�LQWHUHVW�ZLOO�EH

LGHQWLILHG��$�OHWWHU�ZLOO�EH�VHQW�IURP�WKH�86�4XDOLW\�$VVXUDQFH��864$��GHSDUWPHQW�DW�$HWQD�WR�WKH

VLWH�RI�FDUH�UHTXHVWLQJ�FRSLHV�RI�ERWK�WKH�RIILFH�KRVSLWDO�QRWHV�DW�DQG�DURXQG�WKH�WLPH�RI�WKH�FRGHG

HYHQW�RI�LQWHUHVW�LQ�DGGLWLRQ�WR�DQ\�RI�WKH�IROORZLQJ�ODERUDWRU\�WHVWV�WKDW�PD\�KDYH�EHHQ�XQGHUWDNHQ�

OLYHU�ELRSV\��XOWUDVRXQG���&7�05,�VFDQ��VHUXP�FKHPLVWULHV�LQFOXGLQJ�OLYHU�HQ]\PHV��ELOLUXELQ�DQG

KHSDWLWLV�WLWUHV�

- 7KH�RIILFH�RU�KRVSLWDO�ZLOO�UHFHLYH�D�ILQDQFLDO�LQFHQWLYH�WR�UHVSRQG�

- $OO�UHVSRQVHV�ZLOO�EH�GH�LGHQWLILHG�E\�864$�

- $OO�UHVSRQVHV�ZLOO�EH�FROOHFWHG�FHQWUDOO\�E\�864$�

- $�WUDLQHG�QXUVH�DEVWUDFWRU�ZLOO�UHYLHZ�DOO�UHWXUQHG�PDWHULDO�DQG�FRPSOHWH�DV�PXFK�DV�SRVVLEOH�WKH

DWWDFKHG�IRUP�UHJDUGLQJ�WKH�SDWLHQW
V�SUH��DQG�SRVW�GLDJQRVLV�VWDWXV�DV�RXWOLQHG�LQ�WKH�DEVWUDFW�IRUP

LQ�$SSHQGL[�'��UHI��3K50$�)'$�$$6/'�'UXJ�,QGXFHG�+HSDWRWR[LFLW\�:KLWH�3DSHU�

3RVWPDUNHWLQJ�&RQVLGHUDWLRQV��1RYHPEHU������

7KH�YDOLGDWLRQ�E\�UHFRUG�UHYLHZ�LV�FXUUHQWO\�LQ�SURJUHVV�DQG�UHVXOWV�ZLOO�EH�SUHVHQWHG�ODWHU�ZKHQ�WKH�GDWD

DUH�DYDLODEOH�WR�XV�

�� 5(68/76� �7+(�678'<�&2+257

'XULQJ�WKH�VWXG\�SHULRG��GHWDLOHG�EHORZ��D�WRWDO�RI��������5$�SDWLHQWV�ZHUH�LGHQWLILHG���7KHVH�SDWLHQWV

UHSUHVHQW�DSSUR[LPDWHO\��������SHUVRQ�\HDUV�H[SRVXUH�WR�RQH�RU�WZR�GUXJ�WKHUDS\��LQFOXGLQJ�������

SHUVRQ�\HDUV�H[SRVXUH�WR�OHIOXQRPLGH���7KH�GHPRJUDSKLFV�RI�WKH�SDWLHQWV�DUH�SUHVHQWHG�LQ�7DEOH�����7KH

GLVWULEXWLRQ�RI�WRWDO�SHUVRQ�WLPH�LV�VKRZQ�LQ�)LJXUH�����7KHUH�ZHUH�QR�PDMRU�GLVSDULWLHV�EHWZHHQ�RU

DPRQJVW�FRKRUWV���)RU�H[DPSOH��PDOHV�DJHG�������FRQWULEXWHG�DSSUR[LPDWHO\����RI�WKH�SHUVRQ�WLPH�

DYHUDJHG�DFURVV�WKH�ILYH�PRQRWKHUDS\�JURXSV��IHPDOHV�DJHG�������FRQWULEXWHG������RI�WKH�SHUVRQ�WLPH�

7KH�IHPDOH�PDOH�UDWLR�LV������FRQILUPLQJ�HVWLPDWHV�IURP�WKH�OLWHUDWXUH�

7KH�FRKRUW�LWVHOI�LV�GUDZQ�IURP�WKH�ODUJHU�$HWQD�86�+HDOWKFDUH�SRSXODWLRQ�RI�����������SHUVRQV���7KXV�

WKH�UDWH�RI�5$�LQ�WKH�$HWQD�GDWDEDVH�LV������������������RU�������ZKLFK�LV��DJDLQ��LQ�DFFRUG�ZLWK

HVWLPDWHV�IURP�WKH�OLWHUDWXUH�

$Q�DVVHVVPHQW�RI�WKH�GLIIHUHQW�FRKRUWV¶�FRPRUELGLWLHV�ZDV�XQGHUWDNHQ�WR�GHWHUPLQH�WKHLU�FRPSDUDELOLW\�

'XH�WR�WKH�WLPH�RQ�GUXJ�GHSHQGHQW�QDWXUH�RI�WKH�FRKRUWV��VXFK�D�FRPRUELGLW\�DQDO\VLV�ZDV�OLPLWHG�WR�WKH

PRQRWKHUDS\�JURXSV�

7KH�FRPRUELGLW\�DQDO\VLV�H[DPLQHG����GLIIHUHQW�FRQGLWLRQV�SULRU�WR�WKH�LQGH[�GDWH��LH��WKH�GDWH�DW�ZKLFK�D

SHUVRQ�ZDV�LQFOXGHG�LQ�WKH�FRKRUW��)LJXUH������7KHUH�DSSHDUHG�WR�EH�D�ORZHU�QXPEHU�RI�FRPRUELGLWLHV�DW
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WKH�LQGH[�GDWH�DPRQJVW�WKH�OHIOXQRPLGH��PHDQ ������DQG�PHWKRWUH[DWH��PHDQ �����PRQRWKHUDS\

FRPSDUHG�WR�WKH�'0$5'�JURXS��PHDQ �������)LJXUH���VKRZV�WKH�QXPEHU�RI�FRPRUELGLWLHV�DPRQJVW

OHIOXQRPLGH�DQG�QRQ�OHIOXQRPLGH�XVHUV�ZKR�H[SHULHQFHG�DQ�HYHQW�RI�LQWHUHVW��QR�PDMRU�GLIIHUHQFHV�DUH

VHHQ�EHWZHHQ�WKH�JURXSV��7KH�FRPRUELGLWLHV�DUH�SRWHQWLDO�FRQIRXQGHUV�DQG��DV�VXFK��ZLOO�EH�LQFOXGHG�LQ

WKH�3RLVVRQ�UHJUHVVLRQ�PRGHO���7KH�FXPXODWLYH�SHUVRQ�\HDU�H[SRVXUH��PHDQ�H[SRVXUH�WLPH��DQG�WKH

QXPEHU�RI�SDWLHQWV�LQ�WKH�GDWDEDVH�RQ�WKH�WKHUDSLHV�RI�LQWHUHVW�DUH�GLVSOD\HG�LQ�7DEOH���

'0$5'���PHWKRWUH[DWH�XVHUV�ZHUH�YHU\�FRPPRQ��LH��DFFRXQW�IRU�!����RI�WRWDO�SHUVRQ�\HDU�H[SRVXUH��

,Q�WHUPV�RI�PHDQ�H[SRVXUH�WLPH��XVH�RI�DQ\�'0$5'�PRQRWKHUDS\�DQG�WKH�FRPELQDWLRQ�'0$5'���07;

ZHUH�WKH�ORQJHVW��ZLWK�D�PHDQ�RI�DERXW�����\HDUV�RI�H[SRVXUH���/HIOXQRPLGH�PRQRWKHUDS\�KDG�D�PHDQ

H[SRVXUH�RI�����\HDUV�

7KH�SULPDU\�DLP�RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH�WKH�UDWH�RI�VHULRXV�RXWFRPHV�DVVRFLDWHG�ZLWK�WKH�XVH�RI

FHUWDLQ�GUXJV�FRPPRQO\�XVHG�WR�WUHDW�UKHXPDWRLG�DUWKULWLV���,QFLGHQFH�UDWHV�ZHUH�FDOFXODWHG�XVLQJ�YDU\LQJ

µH[SRVXUH�WDLOV¶�WR�DYRLG�ELDV�����

7KH�LQFLGHQW�UDWHV�RI�YDULRXV�RXWFRPHV�RI�LQWHUHVW��LQ�WRWDO�DQG�VHSDUDWHO\��DUH�SUHVHQWHG�LQ�7DEOH������

:KHQ�UHYLHZLQJ�WKH�UDWHV��LW�LV�FULWLFDO�WR�UHPHPEHU�WKDW�LQ�WKLV�G\QDPLF�FRKRUW��SDWLHQWV�FDQ�PRYH�IURP

RQH�WKHUDSHXWLF�FDWHJRU\�WR�DQRWKHU��E\�WKHLU�SUHVFULEHUV���GHSHQGLQJ�RQ�HIILFDF\�DQG�DGYHUVH�HYHQWV

H[SHULHQFHG�

�� 5(68/76� �$'9(56(�(9(17�5$7(6

��� $1<�(1'32,17

/HIOXQRPLGH�KDG�WKH�ORZHVW�UDWHV�RI�DQ\�HQGSRLQW�H[DPLQHG�LQ�WKLV�VWXG\�FRPSDUHG�WR�WKH�RWKHU

PRQRWKHUDSLHV��7DEOH������7KLV�UDWH�ZDV�VWDWLVWLFDOO\�VLJQLILFDQWO\�ORZHU�WKDQ�07;�DQG�'0$5'���7KHUH

ZHUH����HYHQWV�SHU������SHUVRQ�\HDUV�REVHUYHG��DGMXVWHG�IRU�DJH��VH[��DQG�FRPRUELGLWLHV���FRPSDUHG�WR

DOPRVW�����HYHQWV�SHU������3<�DPRQJVW�'0$5'�XVHUV�DQG�����HYHQWV�SHU������3<�DPRQJVW

PHWKRWUH[DWH�XVHUV�

/HIOXQRPLGH���07;�KDG�DQ�DQ\�HQGSRLQW�UDWH�RI�����SHU������3<��D�UDWH�VLJQLILFDQWO\�ORZHU�WKDQ�WKH

'0$5'���PHWKRWUH[DWH�JURXS�����HYHQWV�SHU������3<����7DEOH�����DQG�PDUJLQDOO\�VLJQLILFDQW�FRPSDUHG

WR�OHIOXQRPLGH���'0$5'�����HYHQWV�SHU������3<����7KH�QRQ�'0$5'�JURXS�KDG�WKH�KLJKHVW�UDWH�����

HYHQWV�SHU������3<�
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��� +(3$7,&�(9(176

$�WRWDO�RI�����KHSDWLF�HYHQWV�ZHUH�REVHUYHG�LQ�WKLV�FRKRUW���/HIOXQRPLGH�KDG�WKH�ORZHVW�UDWH�LQ�WKH

PRQRWKHUDS\�JURXSV����SHU������3<��7DEOH�����DOWKRXJK�WKLV�UDWH�ZDV�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKH

RWKHU�PRQRWKHUDSLHV���7KH�UDWH�IRU�OHIOXQRPLGH���PHWKRWUH[DWH�ZDV�QRW�VLJQLILFDQWO\�GLIIHUHQW�WKDQ�WKH

FRPSDUDWRU�WZR�GUXJ�WKHUDSLHV��7DEOH���

��� ,1',9,'8$/�+(3$7,&�(9(176

$�GHWDLOHG�SUHVHQWDWLRQ�RI�WKH�LQGLYLGXDO�VHYHUH�DQG�RWKHU�KHSDWLF�HYHQWV�LV�VKRZQ�LQ�7DEOH�����7KH�WRWDO

QXPEHUV�RI�VHYHUH�KHSDWLF�HYHQWV�DQG�RWKHU�KHSDWLF�HYHQWV�WHQGHG�WR�EH�ORZHU�LQ�WKH�OHIOXQRPLGH�WKDQ�LQ

RWKHU�PRQRWKHUDS\�JURXSV����7KH�QXPEHUV�RI�WKHVH�HYHQWV�ZHUH�YHU\�ORZ��DOPRVW�DOO�LQ�WKH�VLQJOH�GLJLWV�

DQG�WKHUHIRUH�GLIIHUHQFHV�ZHUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW���)RU�H[DPSOH��RQO\�RQH�FDVH�RI�OLYHU�QHFURVLV

ZDV�REVHUYHG�LQ�OHIOXQRPLGH�PRQRWKHUDS\�SDWLHQWV��WZR�LQ�PHWKRWUH[DWH�SDWLHQWV��WZR�LQ�WKH�QR�'0$5'

JURXS��DQG���LQ�WKH�'0$5'�JURXS���1R�FDVHV�RI�OLYHU�QHFURVLV�ZHUH�REVHUYHG�LQ�WKH�FRPELQDWLRQ�WKHUDS\

JURXSV���1RQ�LQIHFWLRXV�KHSDWLWLV�ZDV�WKH�PRVW�FRPPRQO\�REVHUYHG�OLYHU�HYHQW��VPDOO�QXPEHUV�DJDLQ

SUHFOXGHG�FOHDU�WUHQGV���1R�FDVHV�RI�FLUUKRVLV�RU�ELOLDU\�FLUUKRVLV�ZHUH�VHHQ�LQ�WKH�OHIOXQRPLGH�SDWLHQWV

�PRQRWKHUDS\�RU�FRPELQDWLRQ���WKUHH�FDVHV�RI��FLUUKRVLV�ZHUH�REVHUYHG�LQ�WKH�PHWKRWUH[DWH�PRQRWKHUDS\

JURXS�

��� +(0$72/2*,&�(9(176

5HVXOWV�IRU�KHPDWRORJLF�HYHQWV�DUH�VKRZQ�LQ�7DEOH�����7KHUH�ZHUH�����HYHQWV�LQ�WKH�FRKRUW�����RI�ZKLFK

ZHUH�RUSKDQ�HYHQWV��RFFXUULQJ�LQ�WKH�DSSDUHQW�DEVHQFH�RI�GUXJ�H[SRVXUH����7KUHH�FDVHV�ZHUH�VHHQ�LQ�WKH

OHIOXQRPLGH�JURXS�YHUVXV�HLJKW�LQ�WKH�PHWKRWUH[DWH�JURXS���1R�FDVHV�ZHUH�REVHUYHG�LQ�WKH�OHIOXQRPLGH��

PHWKRWUH[DWH�JURXS�
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��� 6(9(5(�6.,1�5($&7,216

$JDLQ��WKLV�ZDV�DQ�H[FHHGLQJO\�UDUH�HYHQW��RQO\����FDVHV�RFFXUUHG�LQ�WKLV�VWXG\����RI�ZKLFK�ZHUH�RUSKDQ�

1R�HYHQWV�ZHUH�VHHQ�DPRQJVW�HLWKHU�OHIOXQRPLGH�PRQRWKHUDS\�RU�OHIOXQRPLGH���PHWKRWUH[DWH�XVHUV��DQG

VL[�FDVHV�REVHUYHG�LQ�WKH�PHWKRWUH[DWH�JURXS�DQG����LQ�WKH�'0$5'�JURXS��7DEOH����

��� +<3(57(16,21

+\SHUWHQVLRQ��D�UHODWLYHO\�FRPPRQ�FRQGLWLRQ��ZDV�UHODWLYHO\�FRPPRQ�LQ�WKLV�VWXG\���/HOIXQRPLGH�KDG�DQ

DGMXVWHG�UDWH�RI����SHU������3<��VWDWLVWLFDOO\�VLJQLILFDQWO\�ORZHU�WKDQ�PHWKRWUH[DWH�DQG�'0$5'

PRQRWKHUDS\�FRPSDUDWRUV��WKH�'0$5'�UDWH�ZDV����SHU������3<�DQG�WKH�PHWKRWUH[DWH�UDWH�ZDV����SHU

�����3<���7DEOH�������/HIOXQRPLGH���PHWKRWUH[DWH�DOVR�KDG�D�UHODWLYHO\�ORZ�UDWH�����FDVHV�SHU������3<�

7KH�QRQ�'0$5'��JURXS�KDG�D�UDWH�RI�����SHU������3<�

��� 31(8021,7,6

7KHUH�ZHUH������HYHQWV�LQ�WKH�PRQRWKHUDS\�JURXS���7KH�PRQRWKHUDS\�UDWHV�ZHUH�FRPSDUDEOH�

OHIOXQRPLGH�����SHU������3<��PHWKRWUH[DWH�����SHU������3<��DQG�'0$5'����SHU������3<��7DEOH�������7KH

FRPELQDWLRQ�WKHUDS\�UDWHV�ZHUH�DOVR�FRPSDUDEOH�

��� 3$1&5($7,7,6

7KH�UDWHV�RI�SDQFUHDWLWLV�DPRQJVW�PRQRWKHUDS\�DQG�FRPELQDWLRQ�WKHUDS\�SDWLHQWV�ZHUH�VLPLODU��UDQJLQJ

IURP�����WR�����SHU������3<���7KH�QRQ�'0$5'�JURXS�DJDLQ�KDG�WKH�KLJKHVW�UDWH������SHU������3<�

��� 5(63,5$725<�(9(176

5HVSLUDWRU\�HYHQW�UDWHV�ZHUH�UHODWLYHO\�KLJK��EXW�WKH�ORZHVW�ZDV�IRXQG�LQ�WKH�OHIOXQRPLGH�JURXS�����FDVHV

SHU������3<���7DEOH�������7KLV�UDWH�ZDV�VWDWLVWLFDOO\�VLJQLILFDQWO\�ORZHU�WKDQ�WKH�'0$5'�DQG�PHWKRWUH[DWH

PRQRWKHUDS\�UDWHV��ZKLFK�ZHUH�DERXW����SHU������3<�IRU�ERWK�H[SRVXUHV���7KH�FRPELQDWLRQ�WKHUDS\�UDWHV

ZHUH�VLPLODU��UDQJLQJ�IURP����WR����SHU������3<�
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�� ',6&866,21

��� (3,'(0,2/2*<�2)�5+(80$72,'�$57+5,7,6

,W�LV�FULWLFDO�WR�XQGHUVWDQG�WKH�HSLGHPLRORJ\�RI�UKHXPDWRLG�DUWKULWLV��5$��LQ�RUGHU�WR�DVVHVV�KRZ�PXFK

GLVHDVH�LV�RFFXUULQJ��KRZ�WKH�GLVHDVH�LQFLGHQFH�YDULHV�ZLWKLQ�D�SRSXODWLRQ��ZKDW�WKH�UHODWLYH�GLVHDVH

EXUGHQ�LV��DQG�WKH�LPSDFW�RQ�PRUELGLW\�DQG�PRUWDOLW\�E\�WKHUDSHXWLF�LQWHUYHQWLRQV���.QRZLQJ�WKH

HSLGHPLRORJ\�RI�WKLV�FRQGLWLRQ��LQFOXGLQJ�LWV�WUHDWPHQWV�DQG�WKHLU�DVVRFLDWHG�DGYHUVH�HYHQWV��DQG

FRPRUELGLWLHV�ZLOO�KHOS�QRW�RQO\�LQ�WKH�DVVHVVPHQW�RI�OHIOXQRPLGH�EXW�DOVR�LQ�WKH�GHWHUPLQDWLRQ�RI�WKH

YDOLGLW\�RI�WKH�FRKRUW�XQGHU�VWXG\��SDUWLFXODUO\�WKH�JHQHUDOL]DELOLW\�RI�WKH�UHVXOWV�WR�WKH�ODUJHU�SRSXODWLRQ�RI

5$�SDWLHQWV�

3UHYDOHQFH�RI�5$�LV�HDVLHU�WR�DVFHUWDLQ�WKDQ�LQFLGHQFH���7KH�LQFLGHQFH�RI�5$�LQ�WKH�SRSXODWLRQ�LV�GLIILFXOW�WR

GHWHUPLQH�IRU�D�YDULHW\�RI�UHDVRQV��DQG�KDV�EHHQ�OLNHQHG�WR�D�PRYLQJ�WDUJHW������7KH�GLIILFXOWLHV�DULVH�IURP

D�ODFN�RI�FRQVHQVXV�RQ��DQG�FKDQJLQJ�FULWHULD�IRU��WKH�GLDJQRVLV�RI�5$��WKH�RIWHQ�OHQJWK\�WLPH�EHWZHHQ

RQVHW�RI�V\PSWRPV�DQG�FRQWDFW�ZLWK�KHDOWK�SURIHVVLRQDOV��WKH�QDWXUDO�KLVWRU\�RI�5$��DQG�WKH�UHODWLYH�UDULW\

RI�WKH�FRQGLWLRQ��QHFHVVLWDWLQJ�VWXG\�LQ�YHU\�ODUJH�SRSXODWLRQV��DQG�WKH�FRUUHODWLYH�SURKLELWLYH�FRVW�RI

VHWWLQJ�XS�DQG�PDLQWDLQLQJ�SRSXODWLRQ�EDVHG�GLVHDVH�UHJLVWULHV��������:LWK�WKHVH�FKDOOHQJHV�LQ�PLQG��WKH

SUHYDOHQFH�RI�5$�LV�SUHVHQWHG�LQ�7DEOH����

7KH�WDEOH��ZKLFK�LV�QRW�D�FRPSOHWH�HYDOXDWLRQ�IURP�WKH�OLWHUDWXUH��VKRZV�D�KLJKHU�SUHYDOHQFH�RI�5$

DPRQJVW�ZRPHQ��IURP���WR�DOPRVW���WLPHV�WKH�SUHYDOHQFH�LQ�PHQ���DQG�SUHYDOHQFH�SRLQW�HVWLPDWHV�IURP

����������DPRQJVW�ZRPHQ�DQG������������LQ�PHQ���7RWDO�SUHYDOHQFH�UDQJHV�IURP�������������DOWKRXJK

SUHYDOHQFH�H[FHHGLQJ����KDV�EHHQ�UHSRUWHG�LQ�FHUWDLQ�QDWLYH�$PHULFDQ�SHRSOHV����������

7DEOH����GLVSOD\V�LQFLGHQW�GDWD�RQ�UKHXPDWRLG�DUWKULWLV�

(VWLPDWHV�UDQJH�IURP����������SHU���������SHU�\HDU�DPRQJVW�PHQ��DQG�IURP�����������SHU���������SHU

\HDU�DPRQJVW�ZRPHQ��DSSUR[LPDWHO\������IROG�GLIIHUHQFHV��ZKLFK�UHIOHFW�WKH�GLIILFXOWLHV�XQGHUO\LQJ

GHWHUPLQDWLRQ�RI�LQFLGHQFH���7KH�UDWLR�EHWZHHQ�ZRPHQ�DQG�PHQ�UDQJHV�IURP����������PRVW�UDWLRV�EHLQJ

DSSUR[LPDWHO\�����

��� *(1(5$/�',6&866,21

7KH�GLVFXVVLRQ�ZLOO�EH�OLPLWHG�WR�FRQVLGHUDWLRQ�RI�WKH�DGYHUVH�HYHQWV�QRWHG�LQ�WKH�PRQRWKHUDS\�DQG�WZR�

GUXJ�WKHUDS\�FRKRUWV���&RPSDULVRQV�ZLOO�EH�PDGH�XVLQJ�OHIOXQRPLGH�PRQRWKHUDS\�DQG�OHIOXQRPLGH��

PHWKRWUH[DWH�WKHUDS\�DV�UHIHUHQFH�JURXSV�
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$V�QRWHG�DQG�GHILQHG�LQ�WKH�5HVXOWV�VHFWLRQ��PDQ\�RI�WKH�RXWFRPHV�RI�LQWHUHVW�ZHUH�EURDGO\�FODVVLILHG���)RU

H[DPSOH��5HVSLUDWRU\�7UDFW�,QIHFWLRQV��LQFOXGHG�ODU\QJRSKDU\QJLWLV��DFXWH�EURQFKLWLV��LQIOXHQ]D�

EURQFKLWLV��DQG�RWKHU�UHVSLUDWRU\�LQIHFWLRQV���7KLV�FRQVHUYDWLYH�DSSURDFK�JXDUGV�DJDLQVW�WKH�IRUPDWLRQ�RI

GLDJQRVWLF�FDWHJRULHV�WKDW�PD\�EH�WRR�VSHFLILF���$Q�H[FHSWLRQ�WR�WKLV�ZDV�WKH�GHWDLOHG�DQDO\VLV�RI�WKH�KHSDWLF

HYHQWV�

$PRQJVW�WKH�PRQRWKHUDS\�JURXS��OHIOXQRPLGH�KDG�WKH�ORZHVW�UDWH�RI�KHSDWLF�HYHQWV��WKH�GLIIHUHQFH

EHWZHHQ�WKLV�UDWH�DQG�WKRVH�RI�FRPSDUDWRUV��KRZHYHU��ZDV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW���7KH�UDWH�RI��KHSDWLF

HYHQWV�DPRQJVW�WKH�OHIOXQRPLGH���PHWKRWUH[DWH�JURXS�ZDV�DOVR�VLJQLILFDQWO\�ORZHU�WKDQ�WKH�UDWHV�RI�WKH

FRPSDUDWRU�WZR�GUXJ�FRPELQDWLRQV�

%HFDXVH�KHSDWLF�HYHQWV�KDYH�EHHQ�YLHZHG�ZLWK�HVSHFLDO�LQWHUHVW�E\�UHJXODWRUV��D�PRUH�GHWDLOHG�DQDO\VLV�RI

LQGLYLGXDO�HYHQWV�ZDV�XQGHUWDNHQ���$V�RIWHQ�KDSSHQV�ZLWK�DQDO\VHV�RI�WKLV�VRUW��RQH�HQGV�XS�ZLWK�VPDOO

QXPEHUV�RI�HYHQWV��ZKLFK�FDQ�SUHFOXGH�PHDQLQJIXO�VFUXWLQ\���6XFK�ZDV�WKH�FDVH�KHUH��IRU�WKH�PRVW�SDUW��QR

HYHQWV�RI�ELOLDU\�FLUUKRVLV��KHSDWLF�FRPD��FLUUKRVLV��RU�XQVSHFLILHG�FKURQLF�OLYHU�GLVHDVH�ZHUH�REVHUYHG�LQ

WKH�OHIOXQRPLGH�PRQRWKHUDS\�FRKRUW���2QFH�DOO�WKH�KHSDWLF�HYHQWV�ZHUH�FRPELQHG��WKH�OHIOXQRPLGH

H[SRVXUH�JURXS�KDG�VLJQLILFDQWO\�ORZHU�UDWHV�RI�$(V�WKDQ�WKH�'0$5'�FRKRUW��S� �������

7KH�PHWKRWUH[DWH�H[SRVXUH�JURXS�KDG�WKH�KLJKHVW�UDWHV�RI�KHSDWLF�GLVHDVH�LQ�WKLV�VWXG\��DIWHU�WKH�QR�

'0$5'�JURXS����0HWKRWUH[DWH�LV�NQRZQ�WR�EH�DVVRFLDWHG�ZLWK�OLYHU�GDPDJH��WKHUH�LV�OLWWOH�GLUHFW�HYLGHQFH

WR�VXSSRUW�FRQWHQWLRQV�WKDW�'0$5'V�DUH�DVVRFLDWHG�ZLWK�ORZ�ULVNV�RI�DGYHUVH�HYHQWV���7KH�YDVW�PDMRULW\�RI

VWXGLHV�RI�'0$5'�WR[LFLW\�DUH�VKRUW�WHUP�DQG�DUH�XVXDOO\�RI�UHODWLYHO\�VPDOO�QXPEHUV�RI�VHOHFWHG�SDWLHQWV

PRQLWRUHG�XQGHU�FOLQLFDO�WULDO�SURWRFROV���)XUWKHU��WKH�UHVXOWV�RI�VXFK�VWXGLHV�DUH�RIWHQ�FRQWUDGLFWHG�E\

ORQJ�WHUP�UHVXOWV�IURP�FOLQLFDO�SUDFWLFH�ZKLFK�GHSHQG�RQ�XQVHOHFWHG�SRSXODWLRQV�RI�SDWLHQWV����������

+HSDWRWR[LFLW\�LV�QRW�XQFRPPRQ�DPRQJVW�XVHUV�RI�WKHVH�GUXJV��DOWKRXJK�LW�LV�GLIILFXOW�WR�ILQG�FRQVHQVXV�LQ

WKH�OLWHUDWXUH�RQ�LQFLGHQFH��SDUWO\�EHFDXVH�WKHUH�LV�QR�DJUHHG�XSRQ�HQGSRLQW�DQG�SDUWO\�EHFDXVH�VWXG\

SRSXODWLRQV�DUH��IRU�WKH�PRVW�SDUW��QRW�FRPSDUDEOH��DOWKRXJK�WKDW�LV�QRW�WKH�FDVH�LQ�WKH�SUHVHQW�VWXG\����$

GLVFXVVLRQ�RI�16$,'�KHSDWRWR[LFLW\�IROORZV�

16$,'�KHSDWRWR[LFLW\�ZDV�HVWDEOLVKHG�LQ�������ZLWK�FLQFKRSHQ��DQ�DQWL�UKHXPDWLF�GUXJ��ZKLFK�KDV�ORQJ

VLQFH�EHHQ�ZLWKGUDZQ�IURP�WKH�PDUNHW�������%HQR[DSURIHQ��&R[LJRQ������DQG�LEXIHQDF�����ZHUH�VLPLODUO\

ZLWKGUDZQ�IRU�WKHLU�UROH�LQ�FDXVLQJ�KHSDWLF�LQMXU\��IDWDO�FKROHVWDWLF�MDXQGLFH��LQ�WKH�FDVH�RI�WKH�IRUPHU��

2QH�UHYLHZ�FRQFOXGHV�WKDW�EHFDXVH�RI�WKH�SRWHQWLDO�KHSDWRWR[LFLW\�RI�16$,'V��OLYHU�HQ]\PHV�VKRXOG�EH

PRQLWRUHG�HYHU\�����ZHHNV�IRU�HLJKW�ZHHNV�ZKHQ�WKHUDS\�LV�LQLWLDWHG�������$QRWKHU�UHYLHZ�RIIHUV�WKH

MXGJPHQW�WKDW�WKH�LQFLGHQFH�RI�HOHYDWHG�OLYHU�HQ]\PHV�GXULQJ�16$,'�XVH�LV�PXFK�KLJKHU�WKDQ�WKH

LQFLGHQFH�RI�FOLQLFDOO\�VLJQLILFDQW�KHSDWRWR[LFLW\�DQG�WKXV��LI�WKH�LQGLFDWLRQ�IRU�16$,'�LV�PDLQWDLQHG��WKHUH

LV�OLWWOH�ULVN�LQYROYHG�LQ�FRQWLQXLQJ�WKHUDS\��XQOHVV�WKHUH�DUH�RWKHU�LQGLFHV�RI�KHSDWLF�LQMXU\�����
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6HYHUDO�HSLGHPLRORJLF�VWXGLHV�RI�16$,'�LQGXFHG�KHSDWRWR[LFLW\�KDYH�EHHQ�SHUIRUPHG���$�'DQLVK�VWXG\

UHYLHZHG������UHSRUWV�RQ�VXVSHFWHG�GUXJ�LQGXFHG�OLYHU�LQMXU\�IURP������WKURXJK������DQG�IRXQG�WKDW

DERXW����RI�DOO�KHSDWLF�UHDFWLRQV�ZHUH�GXH�WR�16$,'V��������$�86�EDVHG�VWXG\�XVLQJ�0HGLFDLG�ELOOLQJ�GDWD

H[DPLQHG�KRVSLWDO�DGPLVVLRQV�IRU�DFXWH�KHSDWLWLV�DQG�IRXQG�DQ�RGGV�UDWLR�RI����������FRQILGHQFH�LQWHUYDO

����������IRU�16$,'�XVH��������0HGLFDLG�GDWD��KRZHYHU��DUH�ZHOO�NQRZQ�IRU�WKHLU�ODFN�RI�JHQHUDOL]DELOLW\�

ODFN�RI�DFFHVV�WR�FRQIRXQGLQJ�YDULDEOHV�LQ�WKH�GDWDEDVH��DQG�ODFN�RI�GDWD�YDOLGDWLRQ���,Q�WKLV�SDUWLFXODU

VWXG\�RQO\�KDOI�WKH�UHTXHVWHG�UHFRUGV�ZHUH�PDGH�DYDLODEOH�IRU�UHYLHZ��DQG�DIWHU�H[FOXVLRQV��RQO\�����FDVHV

ZHUH�DQDO\]HG����$QRWKHU�HSLGHPLRORJLF�VWXG\�RI�KRVSLWDOL]HG�DFXWH�OLYHU�LQMXU\�IRXQG�D�UDWH�RI���FDVHV�SHU

��������SHUVRQ�\HDUV�DPRQJVW�16$,'�XVHUV������DQG�DQRWKHU�KRVSLWDO�EDVHG�VWXG\�IRXQG�RQO\�WKUHH

SHUVRQV�RXW�RI���������16$,'�XVHUV�WR�KDYH�UHTXLUHG�DGPLVVLRQ�IRU�DFXWH�OLYHU�LQMXU\������

$�VWXG\�FRPELQLQJ�RYHU���������RXWSDWLHQWV�DQG�KRVSLWDOL]HG�SDWLHQWV��IURP�WKH�*35'�GDWDEDVH�

FDOFXODWHG�DQ�LQFLGHQFH�RI���FDVHV�RI�DFXWH�OLYHU�LQMXU\�SHU���������SHUVRQ�\HDUV�H[SRVXUH�WR�16$,'V������

,QWHUHVWLQJO\��WKLV�VWXG\�XVHG�ORJLVWLF�UHJUHVVLRQ�WR�DVVHVV�WKH�UHODWLYH�ULVN�IRU�DFXWH�OLYHU�LQMXU\�DPRQJVW

5$�SDWLHQWV�DQG�IRXQG�WKDW�LW�ZDV�DOPRVW����WLPHV�WKH�ULVN�IRU�RVWHRDUWKULWLV�SDWLHQWV��WKH�UHIHUHQFH�JURXS�

7KH�ULVN�ZDV�DOVR����WLPHV�WKDW�RI�SDWLHQWV�ZLWK�RWKHU�FKURQLF�FRQGLWLRQV�DQG�RYHU�IRXU�WLPHV�WKH�ULVN

DPRQJVW�SDWLHQWV�ZLWK�µDFXWH�FRQGLWLRQV�¶

,Q�D�UHFHQW�UHYLHZ�RI�TXDQWLWDWLYH�VWXGLHV�RI�OLYHU�LQMXU\�DPRQJVW�16$,'�XVHUV������:DONHU�PDNHV�VHYHUDO

UHOHYDQW�SRLQWV�DERXW�VRPH�RI�WKH�VWXGLHV�GLVFXVVHG�DERYH���5HSRUWLQJ�LV�JHQHUDOO\�LQFRPSOHWH��HYHQ

DPRQJVW�KRVSLWDOL]HG�SDWLHQWV��WR�WKH�SRLQW�ZKHUH�LW�LV�YLUWXDOO\�LPSRVVLEOH�WR�DVVHVV�VHYHULW\�RI�GLVHDVH��LQ

WKLV�FDVH��WKH�H[WHQW�RI�WKH�OLYHU�LQMXU\���'HWHFWLRQ�ELDV�LV�OLNHO\�LI�PLOG�HOHYDWLRQV�RI�OLYHU�HQ]\PHV�ZHUH�WKH

RXWFRPH�RI�LQWHUHVW��DV�WKH�RFFXUUHQFH�RI�VXFK�HOHYDWLRQV�ZRXOG�EH�LQ�GLUHFW�SURSRUWLRQ�WR�WKH�OHYHO�RI

VXUYHLOODQFH��ZKLFK�LV�ORZ�LQ�WKH�FDVH�RI�16$,'V��������6WXGLHV�RI�KRVSLWDOL]HG�SDWLHQWV�DUH�KRVWDJH�WR

WHPSRUDO�FKDQJHV�LQ�ZKDW�FRQVWLWXWHV�D�FDVH�ZRUWK�DGPLWWLQJ��DV�ZHOO�DV�WR�EDUULHUV�WR�KRVSLWDOL]DWLRQ��VR

WKDW�RQH�PD\�PLVV�FOLQLFDOO\�VLJQLILFDQW�FDVHV���6HYHUDO�RWKHU�QRWHZRUWK\�UHYLHZV�RQ�WKLV�WRSLF�DUH

DYDLODEOH���������

7KH�FR[���LQKLELWRUV��FXUUHQWO\�HQRUPRXVO\�SRSXODU�GUXJV��ZHUH�ODXQFKHG�LQ������WR�JUHDW�DFFODLP�

QRWDEO\�WKDW�WKH\�ZHUH�DV�HIIHFWLYH�DV�WUDGLWLRQDO�16$,'V�\HW�KDG�LPSURYHG�VDIHW\�SURILOHV���7KLV�HDUO\

DFFODPDWLRQ�DSSHDUV�WR�KDYH�EHHQ�SUHPDWXUH��DV�JURZLQJ�QXPEHUV�RI�UHSRUWV�DUH�DYDLODEOH�DWWHVWLQJ�WR

VLPLODU�DQG�PRUH�VHULRXV�DGYHUVH�HYHQWV�DVVRFLDWHG�ZLWK�FR[���XVH���)RU�H[DPSOH��ILYH�FDVHV�RI�KHSDWR[LFLW\

�WZR�RI�ZKLFK�UHVXOWHG�LQ�GHDWK�IURP�IXOPLQDQW�KHSDWLF�IDLOXUH��GXH�WR�D�FR[���ZHUH�UHSRUWHG�LQ�����������

$QRWKHU�FDVH�ZDV�UHSRUWHG�WKH�IROORZLQJ�\HDU��������0RUH�UHFHQWO\��UHSRUWV�KDYH�VXUIDFHG�DERXW�FR[��

DVVRFLDWHG�DFXWH�KHSDWRFHOOXODU�DQG�FKROHVWDWLF�OLYHU\�LQMXU\������������7KHUH�DUH�JHQHUDO�UHVHUYDWLRQV�DERXW

WKH�VDIHW\�RI�FR[���LQKLELWRUV���������DV�ZHOO�DV�VSHFLILF�FRQFHUQV�UHJDUGLQJ�QHSKURWR[LFLW\����������JDVWULF

WR[LFLW\�������WKURPERWLF�HYHQWV�������DQG��SHUKDSV�PRVW�LPSRUWDQW�RI�DOO�IRU�UKHXPDWRLG�DUWKULWLV�SDWLHQWV�

WKH�LPSDFW�RI�FR[���LQKLELWLRQ�RQ�ERQH�UHVRUSWLRQ�DQG�IRUPDWLRQ��������7ZR�VHQWHQFHV�IURP�D�UHFHQW

VXPPDU\�VKRXOG�FRQFOXGH��)RU�SDLQIXO�H[DFHUEDWLRQV�RI�RVWHDUWKULWLV�RU�UKHXPDWRLG�DUWKULWLV��WKH
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PRGHUDWH�V\PSWRPDWLF�HIIHFW�RI�FHOHFR[LE�LV�QR�GLIIHUHQW�IURP�WKDW�RI�WKH�RWKHU�QRQVWHURLGDO

DQWLLQIODPPDWRU\�GUXJV�ZLWK�ZKLFK�LW�KDV�EHHQ�FRPSDUHG���)XUWKHUPRUH��WKHUH�LV�QR�ILUP�HYLGHQFH�WKDW�LWV

VDIHW\�SURILOH�LV�DQ\�PRUH�IDYRXUDEOH������

6WXGLHV�RI�WKH�KHSDWRWR[LFLW\�RI�PHWKRWUH[DWH�DQG�RWKHU�'0$5'V�KDYH�EHHQ�FRQGXFWHG���$�UHFHQW�VWXG\

FRPSDULQJ�5$�SDWLHQWV�ZLWK�DQG�ZLWKRXW�YLUDO�KHSDWLWLV��DQG�LQ�ZKLFK�EDVHOLQH�GXFWDO�DQG�SDUHQFK\PDO

HQ]\PHV�ZHUH�FKHFNHG�SULRU�WR�FRPPHQFHPHQW�RI�'0$5'�WKHUDS\��IRXQG�WKDW�DPRQJVW�WKH�5$�RQO\

SDWLHQWV������GHYHORSHG�DEQRUPDO�HQ]\PH�OHYHOV��!�WZR�WLPHV�WKH�XSSHU�OLPLW�RI�QRUPDO����$OWKRXJK�WKH

QXPEHUV�ZHUH�VPDOO������RI�D]DWKLRSULQH�SDWLHQWV�H[SHULHQFHG�DEQRUPDO�HOHYDWLRQV�RI�$/7��DV�GLG�����RI

JROG�SDWLHQWV������RI�PHWKRWUH[DWH�SDWLHQWV��DQG�����RI�VXOSKDVDOD]LQH�SDWLHQWV�������&RPELQLQJ�WKH

GLIIHUHQW�GUXJ�FRPELQDWLRQ�WKHUDSLHV��DERXW�����RI�5$�SDWLHQWV�H[SHULHQFHG�DEQRUPDO�LQFUHDVHV�LQ�OLYHU

HQ]\PHV�

,Q�WKH�ODUJHVW�REVHUYDWLRQDO�VWXG\�RI�WKH�DGYHUVH�HIIHFWV�RI�'0$5'V�LQ�WKH�8.��LQYHVWLJDWRUV�UHO\LQJ�XSRQ

FRPSXWHUL]HG�UHFRUGV�RI�'0$5'�XVH�DQG�DGYHUVH�HYHQWV�LQ�DQ�5$�FOLQLF�IRXQG�WKDW�WKH�UDWH�RI�OLYHU

IXQFWLRQ�DEQRUPDOLW\��QRW�GHILQHG�LQ�WKH�VWXG\��ZDV������SHU�����SHUVRQ�\HDUV�IRU�VXOSKDVDOD]LQH������

SHU��RR�3<�IRU�PHWKRWUH[DWH��DQG������SHU�����3<�IRU�D]DWKLRSULQH�������7KHVH�UHVXOWV�DUH�LQ�DJUHHPHQW

ZLWK�WKRVH�IURP�DQRWKHU�ODUJH�VWXG\�RI�ORQJ�WHUP�UHVXOWV�IURP�'0$5'�WKHUDS\��ZKLFK�IRXQG�WKH�LQFLGHQW

UDWH�RI�KHSDWLF�DEQRUPDOLWLHV��LQFOXGLQJ�HOHYDWHG�OLYHU�WHVWV��EXW�RWKHUZLVH�QRW�GHILQHG��WR�EH���SHU�����3<

DPRQJVW�PHWKRWUH[DWH�XVHUV�����

$�VWXG\�LQ�6ZLW]HUODQG�RI�OLYHU�IXQFWLRQ�DPRQJVW�5$�SDWLHQWV�SULRU�WR�UHFHLYLQJ�PHWKRWUH[DWH�WKHUDS\

IRXQG�ODUJH�LQFUHDVHV�LQ�YDOXHV�RXWVLGH�WKH�UHIHUHQFH�UDQJH�IRU�$67�DQG�$/7�OHYHOV��IURP������WR������RI

SDWLHQWV��$67��DQG�IURP������WR��������$/7���������7KH�VWXG\�DOVR�GRFXPHQWHG�D�FRQWLQXRXV�TXDQWLWDWLYH

GHFOLQH�LQ�OLYHU�IXQFWLRQ�RYHU�WLPH�

$�VWXG\�RI�WKH�WR[LFLW\�RI�'0$5'V�LQ������5$�SDWLHQWV�VKRZHG�WKDW�KHSDWRWR[LFLW\�RFFXUUHG�DPRQJVW

PHWKRWUH[DWH�XVHUV�ZLWK�DQ�LQFLGHQFH�RI����HYHQWV�SHU������SHUVRQ�\HDUV�����

/LYHU�HQ]\PHV�WHVWV��VSHFLILFDOO\��DVSDUWDWH�DPLQRWUDQVIHUDVH��$67��DQG�DODQLQH�DPLQRWUDQVIHUDVH��$/7��

DUH�SODJXHG�ZLWK�FRQFHUQV�DERXW��DPRQJVW�RWKHUV��VHQVLWLYLW\�DQG�VSHFLILFLW\���)RU�H[DPSOH��KRZ�GRHV�RQH

DVVHVV�WKH�LPSRUWDQFH�RI�HOHYDWHG�OLYHU�HQ]\PH�WHVWV�LQ�DV\PSWRPDWLF�SDWLHQWV��KRZ�DUH�ELRFKHPLFDO

UHIHUHQFH�UDQJHV�HVWDEOLVKHG��KRZ�DUH�WKH�UHVXOWV�RI�VXFK�WHVWV�XVHG�LQ�GLDJQRVLQJ�RU�VFUHHQLQJ�SDWLHQWV

ZKR�PD\�GHYHORS�OLYHU�GLVHDVH��DQG�FDQ�EDVHOLQH�UDWHV�RI�µDEQRUPDO¶�EH�FRQVWUXFWHG�IRU�WKH�JHQHUDO

SRSXODWLRQ�DV�ZHOO�DV�IRU�VHOHFWHG�SDWLHQW�SRSXODWLRQV"��7KHVH�TXHVWLRQV�KDYH�EHHQ�DVNHG�IRU�GHFDGHV����

����DQG�WKH�DQVZHUV�UHPDLQ�HOXVLYH���&OHDUO\��LQ�WKH�DVVHVVPHQW�RI�DGYHUVH�GUXJ�UHDFWLRQV�LW�LV�FULWLFDO�WR

HVWDEOLVK�WKH�YDOXHV�RI�D�QRUPDO�UDQJH�������(OHYDWHG�OLYHU�HQ]\PHV�DUH�IRXQG�LQ�XS�WR����RI�DV\PSWRPDWLF

SDWLHQWV��������DQG��LQ�D�UHFHQW�VWXG\�LQ�WKH�86��D�UDWH�RI�����QHZ�FDVHV�RI�HOHYDWHG�OLYHU�HQ]\PHV�SHU����
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����3<�ZDV�IRXQG�LQ�D�JHQHUDO�SRSXODWLRQ�������$Q�ROGHU�VWXG\�RI�LQFLGHQW�KHSDWLF�GLVRUGHUV�LQ�D�PDQDJHG

FDUH�SRSXODWLRQ�IRXQG�D�UDWH�RI����FDVHV�SHU���������3<�����

,W�LV�DOVR�LPSHUDWLYH�WR�UHPHPEHU�WKDW�WKH�QDWXUDO�KLVWRU\�RI�UKHXPDWRLG�DUWKULWLV�PD\�LQFOXGH��OLYHU�LQMXU\

LQ�WKH�DEVHQFH�RI�WKHUDSHXWLF�LQWHUYHQWLRQ���6WXGLHV�RI�WKH�QDWXUDO�KLVWRU\�RI�WKLV�SRWHQWLDOO\�VHYHUH

FRQGLWLRQ�DUH��IRU�WKH�PRVW�SDUW��QRW�DYDLODEOH�LQGHSHQGHQWO\�RI�WUHDWPHQW�����������$OWKRXJK�ZRUN�LQ�WKLV

DUHD�LV�IDLUO\�ROG��WKHUH�LV�VRPH�HYLGHQFH�WKDW�5$�SDWLHQWV�GHYHORS�ELRFKHPLFDO�HYLGHQFH�RI�KHSDWRFHOOXODU

G\VIXQFWLRQ�DQG�KLVWRORJLF�OLYHU�DEQRUPDOLWLHV�����������$�UHFHQW�DXWRSV\�VWXG\�IRXQG�ILEURVLV�LQ�����RI

FDVHV�UHYLHZHG��GLIIXVH�ILEURVLV�ZLWK�QR�LGHQWLILDEOH�FDXVH�ZDV�IRXQG�LQ������������6WXGLHV�LQ�6FRWODQG

VKRZHG�DERXW�����RI�5$�SDWLHQWV�WR�KDYH�GHILQDEOH�OLYHU�GLVHDVH���������

7KH�OHIOXQRPLGH�H[SRVXUH�JURXS�H[SHULHQFHG�DQ�DGMXVWHG�LQFLGHQFH�UDWH�RI���FDVHV�RI�KHSDWLF�HYHQWV�SHU

�����SHUVRQ�\HDUV��DV�GLG�WKH�'0$5'�JURXS��FRPSDUHG�WR���HYHQWV�SHU������3<�DPRQJVW�PHWKRWH[DWH

XVHUV���7KHVH�UDWHV�ZHUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�RQH�DQRWKHU�

7KH�KHPDWRORJLF�HYHQWV�H[DPLQHG�LQ�WKLV�VWXG\��DSODVWLF�DQHPLD�DQG�SDQF\WRSHQLD��DUH�UDUH�HYHQWV�ZKRVH

HSLGHPLRORJ\�KDV�EHJXQ�WR�EH�TXDQWLILHG�LQ�WKH�JHQHUDO�SRSXODWLRQ�EXW�LV�YLUWXDOO\�XQNQRZQ�DPRQJVW

UKHXPDWRLG�DUWKULWLV�SDWLHQWV�����

,Q�0DOD\VLD��DQ�DSODVWLF�DQHPLD��$$��LQFLGHQFH�RI�����SHU�PLOOLRQ�SHUVRQ�\HDUV�ZDV�HVWLPDWHG������LQ

7KDLODQG��WKH�$$�LQFLGHQFH�ZDV�����FDVHV�SHU�PLOOLRQ�LQ�%DQJNRN�DQG�WKH�LQFLGHQFH�RI�DJUDQXORF\WRVLV�ZDV

����SHU�PLOOLRQ�3<�����������7KH�LQFLGHQFH�RI�WR[LF�DJUDQXORF\WRVLV��LH��XQUHODWHG�WR�UDGLDWLRQ��DQWLFDQFHU

GUXJV��RU�NQRZQ�LQGXVWULDO�WR[LFV��ZDV�����FDVHV�SHU�PLOOLRQ�3<�LQ�%XHQRV�$LUHV�������$Q�HDUO\�VWXG\�

UHO\LQJ�RQ�0HGLFDLG�ELOOLQJ�GDWD�DQG�H[FOXGLQJ�FDQFHU�SDWLHQWV�DQG�SDWLHQWV�UHFHLYLQJ�F\WRWR[LF�DQG

LPPXQRVXSSUHVLYH�GUXJV��FDOFXODWHG�DQ�LQFLGHQFH�RI�����SHU�PLOOLRQ�3<�������$�UHFHQW�VWXG\�XWLOL]LQJ�WKH

6DVNDWFKHZDQ�GDWDEDVH�HVWLPDWHG�WKH�LQFLGHQFH�RI�$$�DQG�DJUDQXORF\WRVLV�WR�EH�����DQG�����SHU�PLOOLRQ

3<��������$�ODUJH�)UHQFK�FDVH�FRQWURO�VWXG\�RI�DSODVWLF�DQHPLD�IRXQG�DQ�RGGV�UDWLR�RI�����IRU�SDWLHQWV�ZLWK

UKHXPDWRLG�DUWKULWLV��DQG�D�UHODWHG�RGGV�UDWLR�RI�����IRU�SUHYLRXV�XVH�RI�HLWKHU�JROG�RU�SHQLFLOODPLQH�����

7KH�DVVRFLDWLRQ�RI�JROG�ZLWK�DSODVWLF�DQHPLD�DPRQJVW�5$�SDWLHQWV�LV�KDV�EHHQ�UHFRJQL]HG�LQ�WKH�SDVW�����

$�IDWDO�FDVH�RI�DJUDQXORF\WRVLV�ZLWK�VXOIDVDOD]LQH�XVH�LQ�5$�KDV�EHHQ�UHSRUWHG������WKLV�SDUWLFXODU�DGYHUVH

HYHQW�KDV�DOVR�EHHQ�QRWHG�SUHYLRXVO\�����

6HYHUH�OHXNRSHQLD�ZDV�REVHUYHG�LQ�HLJKW�5$�SDWLHQWV�LQ�D�&DQDGLDQ�VWXG\�DPRQJVW�����XVHUV�RI�ORZ�GRVH

PHWKRWUH[DWH�������5HYHUVLEOH�OHXNRSHQLD�IROORZLQJ�VXOIDVDOD]LQH�XVH�KDV�EHHQ�REVHUYHG�LQ�WKH�8.�����DQG

*HUPDQ\�������$�ODUJH�8.�VWXG\�IRXQG�WKH�UDWHV�RI�QHWURSHQLD�WR�EH������SHU�����3<�IRU�VXOIDVDOD]LQH������

IRU�PHWKRWUH[DWH�������IRU�SHQLFLOODPLQH��DQG������IRU�D]DWKLRSULQH�������7KLV�VWXG\�DOVR�IRXQG�UDWHV�RI

µORZ�SODWHOHWV¶��QRW�RWKHUZLVH�GHILQHG��RI������SHU�����3<�IRU�VXOIDVDOD]LQH�������IRU�PHWKRWUH[DWH�������IRU

SHQLFLOODPLQH��DQG������IRU�D]DWKLRSULQH���7KH�SUHVHQW�VWXG\��IRU�DOO�GUXJV��KDV�ORZHU�UDWHV�RI�KHPDWRORJLF

HYHQWV�FRPSDUHG�WR�WKH�UDWHV�DYDLODEOH�LQ�WKH�OLWHUDWXUH��DOWKRXJK�WKLV�VWXG\�RQO\�FDSWXUHV�FOLQLFDO
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GLDJQRVHV�RI�DSODVWLF�DQHPLD��LQFOXGLQJ�SDQF\WRSHQLD��DQG�SDWLHQWV�ZLWK�ODERUDWRU\�DEQRUPDOLWLHV�PD\

QRW�EH�FDSWXUHG�

7KHUH�DUH�IHZ�GDWD�RQ�WKH�HSLGHPLRORJ\�RI�VHYHUH�VNLQ�UHDFWLRQV�DPRQJVW�5$�SDWLHQWV���0RVW�RI�WKH

OLWHUDWXUH�FRQFHUQV�FDVH�UHSRUWV�LQ�VLQJOH�SDWLHQWV����������,Q�WKH�SRSXODWLRQ�DW�ODUJH��WKH�LQFLGHQFH�RI

6WHYHQV�-RKQVRQ�6\QGURPH��6-6��YDULHV�IURP�����WR���FDVHV�SHU�PLOOLRQ�SHUVRQ�\HDUV�DQG�WKDW�RI�7R[LF

(SLGHUPDO�1HFURO\VLV��7(1��IURP�����WR����FDVHV�SHU�PLOOLRQ�SHUVRQ�\HDUV����������7KLUW\�WZR�FDVHV�ZHUH

REVHUYHG�LQ�WKH�SUHVHQW�FRKRUW��ILYH�RI�ZKLFK�ZHUH�RUSKDQ���UHVXOWLQJ�LQ�D�LQFLGHQFH�RI�����SHU�PLOOLRQ

SHUVRQ�\HDUV��DERXW����WLPHV�WKH�H[SHFWHG�UDWH���7KHUH�LV�QR�VSHFLILF�,&'�FRGH�IRU�6-6�7(1��WKH�FRGH�XVHG

LQ�WKLV�VWXG\�LQFOXGHG�6-6��7(1��DQG�HU\WKHPD�PXOWLIRUPDH��(0����,W�LV�OLNHO\�WKDW�PDQ\�RI�WKH�HYHQWV

FDSWXUHG�IRU�WKLV�SDUWLFXODU�HYHQW�ZHUH�RI�WKH�ODWWHU�YDULHW\��LH��(0��DQG�ZHUH�OLNHO\�PLOG���7KXV��LW�LV�QRW

VXUSULVLQJ�WR�VHH�D�KLJKHU�WKDQ�H[SHFWHG�HYHQW�UDWH����1R�FDVHV�ZHUH�VHHQ�LQ�OHIOXQRPLGH�PRQRWKHUDS\

XVHUV�DQG�RQO\�RQH�LQ�DQ\�RI�WKH�WZR�GUXJ�OHIOXQRPLGH�FRPELQDWLRQV��OHIOXQRPLGH���'0$5'����

PRQRWKHUDS\�FDVHV�ZHUH�REVHUYHG�DPRQJVW�'0$5'�XVHUV��

$OWKRXJK�WKH�HSLGHPLRORJ\�RI�K\SHUWHQVLRQ�LV�ZHOO�NQRZQ�LQ�WKH�JHQHUDO�SRSXODWLRQ���������WKHUH�LV

SUHFLRXV�OLWWOH�NQRZQ�DERXW�HVVHQWLDO�K\SHUWHQVLRQ�LQ�WKH�5$�SRSXODWLRQ��ZLWK�WKH�H[FHSWLRQ�RI�FDVH�VHULHV

DQG�D�IHZ�VWXGLHV�RI�SXOPRQDU\�K\SHUWHQVLRQ����2QH�VWXG\�IRXQG�WKDW�WKH�SUHYDOHQFH�RI�SXOPRQDU\

K\SHUWHQVLRQ�DPRQJVW�5$�SDWLHQWV�ZDV�����������'0$5'V�GR�QRW�DSSHDU�WR�FRQIHU�DGGHG�ULVN���,Q�WKLV

VWXG\��UDWHV�RI�K\SHUWHQVLRQ�ZHUH�ORZHVW�DPRQJVW�OHIOXQRPLGH�

7KH�ZRUOGZLGH�LQFLGHQFH�RI�DFXWH�SDQFUHDWLWLV�DSSHDUV�WR�EH�LQFUHDVLQJ������ZLWK�HVWLPDWHV�UDQJLQJ�IURP

RQH�FDVH�SHU�PLOOLRQ�SHUVRQ�\HDUV��LQ�ZRPHQ��WR�RYHU�����FDVHV�SHU�PLOOLRQ�3<����������7KLV�UDUH

FRQGLWLRQ�LV�VHHQ�LQ�UKHXPDWRLG�DUWKULWLV�SDWLHQWV���������DQG�KDV�EHHQ�DVVRFLDWHG�ZLWK�JROG�WKHUDS\����

DQG�PL]RULELQH�������7KH�UDWHV�VHHQ�LQ�WKLV�VWXG\��DERXW�����FDVHV�SHU������SHUVRQ�\HDUV��DUH�DERXW����

WLPHV�KLJKHU�WKDQ�WKH�KLJKHVW�HVWLPDWHV�LQ�WKH�OLWHUDWXUH�RQ�WKH�JHQHUDO�SRSXODWLRQ���7KLV�KLJKHU�WKDQ

H[SHFWHG�UDWH�LV�OLNHO\�GXH�WR�WKH�IDFW�WKDW�WKH�FRGHV�XVHG�WR�FDSWXUH�SDQFUHDWLWLV�LQFOXGHG�D�FRGH�IRU

HOHYDWHG�DP\ODVH��D�VHQVLWLYH�EXW�QRW�VSHFLILF�PDUNHU�IRU�SDQFUHDWLWLV��

7KH�HSLGHPLRORJ\�RI�LQWHUVWLWLDO�SQHXPRQLWLV�DQG�RWKHU�LQWHUVWLWLDO�OXQJ�GLVHDVHV�LV�QRW�ZHOO�FKDUDFWHUL]HG�

$�VHPLQDO�VWXG\�ZDV�XQGHUWDNHQ�LQ�1HZ�0H[LFR��DQG�HVWLPDWHG�WKH�LQFLGHQFH�WR�EH�����FDVHV�SHU��������

SHUVRQ�\HDUV�LQ�PHQ��DQG�����FDVHV�SHU���������3<�LQ�ZRPHQ�������7KH�WRWDO�LQWHUVWLWLDO�OXQJ�GLVHDVH

�LQYFOXGLQJ�SXOPRQDU\�ILEURVLV�DQG�LGLRSDWKLF�SXOPRQDU\�ILEURVLV��ZDV������FDVHV�SHU���������3<�LQ�PHQ

DQG������SHU���������3<�LQ�ZRPHQ�

0HWKRWUH[DWH�KDV�EHHQ�DVVRFLDWHG�ZLWK�SQHXPRQLWLV�LQ�QXPHURXV�VWXGLHV��PRVWO\�LQ�FDVH�UHSRUWV�EXW�LQ�DW

OHDVW�RQH�IROORZ�XS�VWXG\�������7KH�LQFLGHQFH�RI�SQHXPRQLWLV�ZDV�IRXQG�WR�EH������LQ�5$�SDWLHQWV�LQ�D

VWXG\�IURP�-DSDQ�����������LQ�DQ�,WDOLDQ�VWXG\������������LQ�RQH�)UHQFK�VWXG\������DQG������LQ�D

VHFRQG�������DQG������LQ�DQ�$XVWUDOLDQ�LQYHVWLJDWLRQ��������5HYLHZV�RI�PHWKRWUH[DWH�LQGXFHG
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SQHXPRQLWLV�QRWH�WKDW�WKH�SUHYDOHQFH�FDQ�UDQJH�IURP������WR����������DQG�LQFLGHQFH�IURP�����������

7KH�LQFLGHQFH�LQ�WKH�VWXG\�FRKRUW�ZDV����FDVHV�SHU������SHUVRQ�\HDUV���7KH�OHIOXQRPLGH�UDWH�ZDV����SHU

�����3<��DQG�WKH�UDWH�DPRQJVW�'0$5'�XVHUV�ZDV����SHU������3<�

7KXV��ZKLOH�WKHUH�VKRXOG�EH�QR�H[SHFWDWLRQ�WKDW�OHIOXQRPLGH�VKRXOG�EH�DQ\�PRUH�H[HPSW�WKDQ�RWKHU

'0$5'V�IURP�WKH�DGYHUVH�HIIHFWV�VHHQ�LQ�WKLV�VWXG\��DQG�GHVFULEHG�LQ�WKH�OLWHUDWXUH���WKH�IDFW�WKDW

OHIOXQRPLGH�KDG�ORZHU�UDWHV�RI�VHYHUDO�$(V�VKRXOG�EH�D�FOHDU�LQGLFDWLRQ�WKDW�LW�LV�TXLWH�SRVVLEO\�D�VDIHU

GUXJ²DQG�DW�ZRUVW��QR�OHVV�VDIH�WKDQ�FRPSDUDWRU�DJHQWV�

$Q�XQH[SHFWHG�REVHUYDWLRQ�LQ�WKLV�VWXG\�ZDV�WKDW�WKH�$(�UDWHV�DVVRFLDWHG�ZLWK�PRQRWKHUDS\�XVH�ZHUH

JHQHUDOO\�KLJKHU�WKDQ�WKRVH�RI�WZR�GUXJ�WKHUDS\���2QH�SRVVLEOH�H[SODQDWLRQ�LV�WKDW�WKH�LQFUHDVHG�LQFLGHQFH

PD\�EH�WKH�UHVXOW�RI�D�µGHSOHWLRQ�RI�VXVFHSWLEOHV¶�HIIHFW�ZKHUHE\�SDWLHQWV�ZKR�UHPDLQ�RQ�WKH�GUXJV�DUH

WKRVH�ZKR�FDQ�WROHUDWH�WKHP�ZKLOH�WKRVH�ZKR�DUH�VXVFHSWLEOH�VHOHFW�WKHPVHOYHV�RXW��RU�DUH�VHOHFWHG�RXW���RI

WKH�SRSXODWLRQ�DW�ULVN����7KXV��LI�D�FHUWDLQ�SHUFHQW�RI�PRQRWKHUDS\�SDWLHQWV�ZHUH�WR�H[SHULHQFH�DQ�KHSDWLF

HYHQW��WKH�VXVFHSWLEOHV���VD\��WKH\�ZRXOG�QRW�EH�DYDLODEOH�IRU�WZR�GUXJ�WKHUDS\�DQG�RQO\�WKRVH�ZKR

µVXUYLYHG¶�WKH�PRQRWKHUDS\�ZRXOG�EH���7KHVH�VXUYLYRUV��RI�FRXUVH��ZRXOG�EH�KHDOWKLHU��LQ�WKH�VHQVH�WKDW

WKH\�KDG�QRW�H[SHULHQFHG�DQ�$(�RI�LQWHUHVW���)XUWKHUPRUH��WKH\�PD\�EH�DSSURSULDWH�FDQGLGDWHV�IRU

DGGLWLRQDO�WKHUDS\���2Q�WKH�RWKHU�KDQG��LW�LV�SRVVLEOH�WKDW�WKH�ORZHU�UDWHV�DUH�GXH�WR�HQKDQFHG�HIILFDF\�RI

WZR��UDWKHU�WKDQ�RQH�GUXJ�WKHUDS\���7KHUH�LV�QR�HYLGHQFH�IURP�WKH�OLWHUDWXUH�WKDW�SRO\SKDUPDF\�UHVXOWV�LQ

PRUH�DGYHUVH�HYHQWV�XQWLO�WKH�QXPEHU�RI�GUXJV�XVHG�H[FHHGV�ILYH�

�� /,0,7$7,216�327(17,$/�6285&(6�2)�%,$6

7KH�GDWD�FROOHFWHG�DQG�DQDO\]HG�LQ�WKLV�VWXG\�FDPH�IURP�D�FODLPV�GDWDEDVH��DQG�ZHUH�QRW�GHVLJQHG�WR�EH

XVHG�IRU�UHVHDUFK�SHU�VH���/LPLWDWLRQV�RI�FODLPV�GDWDEDVHV�LQFOXGH�ODFN�RI�GDWD�RQ�RYHU�WKH�FRXQWHU

PHGLFDWLRQV��SRWHQWLDO�RPLVVLRQ�RI�VHUYLFHV�SURYLGHG��SRWHQWLDO�GLDJQRVWLF�DQG�SURFHGXUDO�FRGLQJ�HUURUV�

ODFN�RI�LQGLFDWRUV�RI�GLVHDVH�VHYHULW\��OLPLWHG�FOLQLFDO�GHWDLO��OLWWOH�RU�QR�GDWD�RQ�FRPSOLDQFH��SRWHQWLDO

H[SRVXUH�PLVFODVVLILFDWLRQ��YDU\LQJ�DQG�GLIIHUHQWLDO�ODJ�WLPHV�IRU�SKDUPDF\�DQG�PHGLFDO�FODLPV��DQG�ODFN

RI�OLIHWLPH�KLVWRU\�RI�WKH�GLVHDVH�V��XQGHU�VWXG\�DORQJ�ZLWK�LWV�WUHDWPHQW�������������)XUWKHUPRUH��WKH�IDFW

WKDW�WKH�GDWDEDVH�UHTXLUHV�WKH�VXEPLVVLRQ�RI�FODLPV�IURP�SK\VLFLDQV�LV�GHSHQGHQW�XSRQ�WKH�ZLOOLQJQHVV�RI

WKH�SK\VLFLDQ�WR�ILOO�RXW��HOHFWURQLFDOO\�RU�RWKHUZLVH��VXFK�IRUPV�ZLWK�WKH�NLQG�RI�GHWDLO�QHHGHG�LQ

HSLGHPLRORJLF�UHVHDUFK�

7KH�GDWDEDVH�LWVHOI�JHQHUDOO\�UHIOHFWV�WKH�GLYHUVLW\�RI�WKH�86�SRSXODWLRQ�LQ�WHUPV�RI�HFRQRPLF��VH[��DQG

UDFLDO�FRQVWLWXHQFLHV���,W�PD\�LQFOXGH�LQIRUPDWLRQ�QRW�RQO\�RQ�WKH�SULPDU\�LQVXUHG�SHUVRQ��EXW�RQ�IDPLO\

PHPEHUV�RI�WKDW�SHUVRQ�DV�ZHOO�
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+RZHYHU��WKH�EHQHILW�RI�XVLQJ�FODLPV�GDWDEDVHV��DQG�WKH�RQH�XVHG�LQ�WKLV�VWXG\�LQ�SDUWLFXODU��LV�WKH

UHFUXLWPHQW�RI�WKH�ODUJHVW�QXPEHU�RI�OHIOXQRPLGH�SDWLHQWV�IRU�VWXG\�LQ�D�VKRUW�SHULRG�RI�WLPH���7KH

DVVHPEOHG�FRKRUW�LV�H[WUHPHO\�ODUJH��ZLWK�RYHU��������UKHXPDWRLG�DUWKULWLV�SDWLHQWV��DQG�����

OHIOXQRPLGH�XVHUV���DQG�WKLV�SDWLHQW�SRSXODWLRQ�YHU\�OLNHO\�UHSUHVHQWV�WKRXVDQGV�RI�SK\VLFLDQV�ZKRVH

EHOLHIV�DQG�SUDFWLFHV�DUH�QRW�DPHQDEOH�WR�VWDWLVWLFDO��RU�DQ\�RWKHU�NLQG��RI�DGMXVWPHQW���7KXV��ZKLOH�PLQRU

DGYHUVH�HYHQWV�PD\�EH�XQGHUFRXQWHG�RU�PLVDWWULEXWHG��WR�RWKHU�GUXJV�RU�FRQGLWLRQV��WKLV�LV�QRW�D�PDLQ

FRQFHUQ�DV�WKH�IRFXV�RI�WKLV�VWXG\�ZDV�PRVWO\�RQ�VHULRXV�HYHQWV�

,W�LV�OLNHO\�WKDW�WKLV�GDWDEDVH�PD\�UHSUHVHQW�D�KHDOWKLHU�SRSXODWLRQ�WKDQ�WKH�µJHQHUDO�SRSXODWLRQ¶��DV

VXEMHFWV�LQ�LW�DUH�HPSOR\HG�DQG�\RXQJHU�LQ�DJH�WKDQ�WKH�86�SRSXODWLRQ���7KLV�µOLPLWDWLRQ¶�LV�FRXQWHUHG�E\

WKH�IDFW�RI�WKH�VWXG\�GHVLJQ��ZKLFK�UHOLHG�RQ�LQWHUQDO�FRPSDULVRQV�ZLWKLQ�WKH�GDWDEDVH�

7KH�YDOLGLW\�DQG�UHOLDELOLW\�RI�FODLPV�GDWD�DUH�DOZD\V�D�FRQFHUQ�IRU�DW�OHDVW�WZR�UHDVRQV��FRGLQJ�RI�WKH�GDWD

IURP�WKH�RULJLQDO�PHGLFDO�UHFRUGV�LQWR�WKH�FRPSXWHUL]HG�GDWDEDVH�PD\�EH�IDXOW\��DQG�WKH�VRXUFH�PHGLFDO

UHFRUG�GDWD�WKHPVHOYHV�PD\�EH�LQFRPSOHWH�DQG�LQDGHTXDWH�WR�DGGUHVV�WKH�PDQ\�TXHVWLRQV�DVNHG���$W

ZRUVW��KRZHYHU��WKLV�PHDQV�WKDW�WKH�UHVXOWLQJ�LPSUHFLVH�GDWD�ZLOO�UHVXOW�LQ�D�PLVFRQVWUXFWLRQ�RI�WKH�GUXJ�

LQGXFHG�GLVHDVH��RU�LWV�SDWKRSK\VLRORJ\�²EXW�QRW�QHFHVVDULO\�ELDV�HVWLPDWHV�RI�ULVN���'DWD�YDOLGLW\�LV�EHLQJ

H[DPLQHG�FXUUHQWO\��XQIRUWXQDWHO\��WKH�UHVXOWV�RI�WKLV�H[HUFLVH�DUH�QRW�UHDG\�DW�WKLV�WLPH��

7KLV�VWXG\�WDNHV�QR�DFFRXQW�RI�ZKHWKHU�D�SDWLHQW¶V�FRXUVH�RI�WKHUDS\�ZDV�WKH�ILUVW�WKH�SDWLHQW�UHFHLYHG�RU

ZKHWKHU�LW�ZDV�WKH�VHFRQG��WKLUG��RU�IRXUWK�WULDO�RI�D�SDUWLFXODU�GUXJ���&OHDUO\��SDWLHQWV�PD\�EH�DW�KLJKHU��RU

ORZHU��ULVN�IRU�DQ�$(�LI�WKHUH�LV�D�KLVWRU\�RI�SULRU�WKHUDS\²DQG��WKHUHIRUH��µUHVLGXDO�HIIHFWLYHQHVV¶��RU

WR[LFLW\��RI�WKH�SUHYLRXV�WUHDWPHQW���������7KH�DEVHQFH�RI�VXFK�GDWD�LV�QRW�OLPLWHG�WR�WKH�GDWDEDVH�FKRVHQ

IRU�WKLV�VWXG\�EXW�LV��UDWKHU��D�FRPPRQ�VKRUWFRPLQJ�VKDUHG�E\�DOO�VXFK�GDWDEDVHV�

6LPLODUO\��WKH�VWXG\�ODFNV�GDWD�RQ�UHODWLYH�5$�VHYHULW\�LQ�WKH�GLIIHUHQW�FRKRUWV���7KHUH�LV�QR�ZD\�WR�UHGUHVV

WKLV�FRQVWUDLQW�LQ�WKH�FXUUHQW�VWXG\�

$�UHFHQW�VWXG\�IRXQG�IHZ�GLIIHUHQFHV�LQ�WKH�µWUHDWPHQW�IORZ¶��LH��WLPH�RQ�D�ILUVW�OLQH�'0$5'�WKHUDS\�DQG

WLPH�WR�D�VHFRQG�OLQH�'0$5'�WUHDWPHQW���������)RU�H[DPSOH��FXUUHQW�(QEUHO�XVHUV�VWDUWHG�ILUVW�OLQH

'0$5'�WKHUDS\�DSSUR[LPDWHO\����PRQWKV�DIWHU�GLDJQRVLV�DQG�VWD\HG�RQ�WKDW�WKHUDS\�IRU����PRQWKV

EHIRUH�VZLWFKLQJ�WR�D�VHFRQG�'0$5'��OHIOXQRPLGH�XVHUV�VWDUWHG�'0$5'�WKHUDS\����PRQWKV�DIWHU

GLDJQRVLV�DQG�VWD\HG�RQ�WKDW�WKHUDS\����PRQWKV�EHIRUH�VZLWFKLQJ�WR�D�VHFRQG�'0$5'��HWF���7KHVH�UHVXOWV

FRQILUP�RWKHU�UHSRUWV�������

7KHUH�LV�OLWWOH�DJUHHPHQW�LQ�WKH�OLWHUDWXUH�DERXW�WKH�SURJQRVLV�RI�5$�DQG��LQ�IDFW��ORQJ�WHUP�QDWXUDO�KLVWRU\

DQG�UHVXOWV�RI�WKHUDS\�DUH�VWURQJO\�LQIOXHQFHG�E\�WKH�VWXG\�GHVLJQV���������(YHQ�ZHOO�GHVLJQHG�VWXGLHV�WKDW
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DFNQRZOHGJH�WKDW�YDULDWLRQV�LQ�GLVHDVH�GXUDWLRQ�DQG�IROORZ�XS�DUH�µIXQGDPHQWDO�SLWIDOOV¶�FRQFOXGH�WKDW

GLVHDVH�RXWFRPH�FDQQRW�EH�SUHGLFWHG�DFFXUDWHO\�ZLWK�FXUUHQW�PHDQV�������

'HWHFWLRQ�ELDV��DV�LV�WUXH�ZLWK�DOO�IRUPV�RI�VHOHFWLRQ�ELDV��LV�DQ�HYHU�SUHVHQW�WKUHDW��HVSHFLDOO\�LI�WKH

RXWFRPH�RI�LQWHUHVW�LV�DV\PSWRPDWLF��VXFK�DV�HOHYDWLRQV�RI�OLYHU�HQ]\PHV���WKH�UHFRJQLWLRQ�RI�ZKLFK�LV

ZKROO\�DW�WKH�GLVFUHWLRQ�RI�WKH�WUHDWLQJ�SK\VLFLDQ��LH��ZKHWKHU�KH�RU�VKH�GHFLGHV�WR�GR�URXWLQH�OLYHU�WHVWLQJ�

6HOI�VHOHFWLRQ�ELDV�LV�DOZD\V�D�SRVVLELOLW\�ZKHQ�GHDOLQJ�ZLWK�FODLPV�GDWD�IURP�PDQDJHG�FDUH�RUJDQL]DWLRQV

�0&2V��LQ�WKH�8QLWHG�6WDWHV��ZKLFK�WHQG�WR�XQGHUJR�DQ�DQQXDO�DYHUDJH�WXUQRYHU�RI�DERXW����������

3HUVRQV�PD\�FKDQJH�KHDOWK�SODQV�VHYHUDO�WLPHV�LQ�D�JLYHQ�\HDU��IRU�UHDVRQV�UHODWLQJ�WR�GUXJ�DYDLODELOLW\��LH�

WKH�H[WHQW�RI�WKH�IRUPXODU\���SK\VLFLDQ�DYDLODELOLW\��DQG�FKDQJHV�LQ�WKHLU�RZQ�KHDOWK�VWDWXV�

3URWRSDWKLF�ELDV�������RFFXUV�µLI�D�SDUWLFXODU�PDQHXYHU�ZDV�VWDUWHG��VWRSSHG��RU�RWKHUZLVH�FKDQJHG�EHFDXVH

RI�WKH�EDVHOLQH�PDQLIHVWDWLRQ�FDXVHG�E\�D�GLVHDVH�RU�RWKHU�RXWFRPH�HYHQW¶��LQ�RWKHU�ZRUGV��ZKHQ�WKH�ILUVW

V\PSWRPV�RI�WKH�RXWFRPH�RI�LQWHUHVW�DUH�WKH�UHDVRQV�IRU�WKH�XVH�RI�WKH�WUHDWPHQW�WKDW�LV�WKH�VXEMHFW�RI�D

VWXG\���7KLV�UHVXOWV�LQ�D�GLVWRUWHG�HVWLPDWH�RI�GLVHDVH�GUXJ�DVVRFLDWLRQ��EHFDXVH�WKH�H[SRVXUH��LH��GUXJ�XVH�

VWDUWHG�DIWHU�WKH�RFFXUUHQFH�RI�WKH�HYHQW���'XH�WR�WKH�VLPXOWDQHRXVO\�FRPSOLFDWHG�DQG�LQFRPSOHWH�QDWXUH

RI�WKH�GDWD�XVHG�LQ�WKLV�VWXG\��VXFK�D�ELDV�LV�SRVVLEOH�

6HYHUDO�RI�WKH�RXWFRPHV�DUH�QRW�DV�VSHFLILF�DV�GHVLUHG��DQG�WKLV�ZLOO�EH�DGGUHVVHG�LQ�IXWXUH�VWXGLHV���)RU

H[DPSOH��WKHUH�LV�QR�,&'�WKDW�H[SOLFLWO\�UHIHUV�WR�HOHYDWHG�OLYHU�HQ]\PHV��RQO\�WR�µRWKHU�QRQVSHFLILF

DEQRUPDO�VHUXP�HQ]\PH�OHYHOV¶�DQG�µQRQVSHFLILF�HOHYDWLRQ�RI�OHYHOV�RI�WUDQVDPLQDVH�RU�ODFWLF�DFLG

GHK\GURJHQDVH¶���&RQYHUVHO\��WKH�LQFOXVLRQ�RI�µHOHYDWHG�DP\ODVH¶�DV�D�PDUNHU�IRU�SDQFUHDWLWLV��LV�WRR

QRQVSHFLILF�IRU�D�GHWDLOHG�LQWHUSUHWDWLRQ�

,W�LV�SRVVLEOH�WKDW�WKH�DVVLJQHG�H[SRVXUH�ZLQGRZV��EDVHG�RQ�D�WLPH�SHULRG�HTXLYDOHQW�WR�ILYH�WLPHV�WKH�KDOI�

OLIH�RI�WKH�VSHFLILF�GUXJV��UHVXOWHG�LQ�PLVFODVVLILFDWLRQ�RI�DGYHUVH�HYHQWV������,W�KDV�EHHQ�UHFRPPHQGHG�WKDW

WKH�H[SRVXUH�ZLQGRZ�EH�DGMXVWHG�IRU�WKH�HYHQW�RI�LQWHUHVW��UDWKHU�WKDQ�IRU�WKH�HOLPLQDWLRQ�SHULRG�RI�WKH

GUXJ���7KLV�PHWKRG��KRZHYHU��VHHPV�FRXQWHULQWXLWLYH�DQG�SURQH�WR�PRUH�PLVFODVVLILFDWLRQ��DV�WKH�SRWHQWLDO

HIIHFWV�RI�YDULRXV�GUXJV�ZLOO�EH�IRUFHG�LQWR�D�SUHGHWHUPLQHG�ZLQGRZ���,Q�WKH�FXUUHQW�VWXG\��WKH�H[SRVXUH

ZLQGRZV�IRU�QRQ�OHIOXQRPLGH�GUXJV�ZHUH�NHSW�FRQVWDQW���$�VHQVLWLYLW\�DQDO\VLV�XVLQJ�����������DQG����GD\

ZLQGRZV�IRU�OHIOXQRPLGH�ZDV�XQGHUWDNHQ��D�YHU\�OLWWOH�GLIIHUHQFH�LQ�DGYHUVH�HYHQW�UDWHV�ZDV�QRWLFHG���7KH

����DQG����GD\�UDWHV�ZHUH�YLUWXDOO\�LGHQWLFDO��WKH����GD\�UDWHV�ZHUH�ORZHU��UHIOHFWLQJ�DQ�LQHYLWDEOH�GLOXWLRQ

HIIHFW���1HHGOHVV�WR�VD\��WKH�FRQFOXVLRQV�GUDZQ�IURP�WKHVH�UHVXOWV�UHPDLQ�
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��� &21&/86,216

7KH�SUHVHQW�LQYHVWLJDWLRQ��D�FRKRUW�VWXG\�HQFRPSDVVLQJ�RYHU��������SHUVRQ�\HDUV�RI�IROORZ�XS��LV�RQH�RI

WKH�ODUJHVW�VWXGLHV�RI�UKHXPDWRLG�DUWKULWLV�PRQRWKHUDS\�DQG�FRPELQDWLRQ�WKHUDS\�XQGHUWDNHQ�

2YHUDOO��WKH�LQFLGHQFH�UDWH�RI�DQ\�HQGSRLQW�ZDV�VWDWLVWLFDOO\�VLJQLILFDQWO\�ORZHU�IRU�OHIOXQRPLGH�FRPSDUHG

WR�'0$5'�DQG�PHWKRWUH[DWH�XVH���6LPLODUO\��WKH�LQFLGHQFH�RI�DQ\�HQGSRLQW�DPRQJVW�OHIOXQRPLGH��

PHWKRWUH[DWH�XVHUV�ZDV�ORZHU�FRPSDUHG�WR�RWKHU�WZR�GUXJ�WKHUDS\�FRPELQDWLRQV��LQFOXGLQJ�'0$5'��

PHWKRWUH[DWH�

:H�FRQFOXGH��WKHUHIRUH��WKDW�WKH�VDIHW\�SURILOH�RI�OHIOXQRPLGH�LV�FRPSDUDEOH�WR�WKDW�RI�RWKHU�'0$5'V

FXUUHQWO\�XVHG�WR�WUHDW�UKHXPDWRLG�DUWKULWLV�
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��� 5()(5(1&(6
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�� 0\HUV�5��+\VORS�7��*HUULW\�0��HW�DO��3K\VLFLDQ�LQWHQWLRQ�WR�UHFRPPHQG�FRPSOHWH�GLDJQRVWLF
HYDOXDWLRQ�LQ�FORUHFWDO�FDQFHU�VFUHHQLQJ��&DQFHU�(SLGHPLRO�%LRPDUNHUV�3UHY�������������������

�� /HRQH�)��*UDQD�-��0F'HUPRWW�3��0DF3KHUVRQ�6��+DQFKDN�1��)LVK�-��3KDUPDFHXWLFDOO\�
EDVHG�VHYHULW\�VWUDWLILFDWLRQ�RI�DQ�DVWKPDWLF�SRSXODWLRQ��5HVS�0HG���������������������

�� %UHVORZ�1��&RKRUW�DQDO\VLV�LQ�HSLGHPLRORJ\��,Q��$WNLQVRQ�$��)HLQEHUJ�6��HGV��$�FHOHEUDWLRQ�RI
VWDWLVWLFV��1HZ�<RUN��6SULQJHU�9HUODJ�������

�� %UHVORZ�1��'D\�1��6WDWLVWLFDO�PHWKRGV�LQ�FDQFHU�UHVHDUFK��9RO�,,��WKH�GHVLJQ�DQG�DQDO\VLV�RI
FRKRUW�VWXGLHV��/\RQ��,QWHUQDWLRQDO�$JHQF\�IRU�5HVHDUFK�RQ�&DQFHU�������

�� )URPH�(��7KH�DQDO\VLV�RI�UDWHV�XVLQJ�SRLVVRQ�UHJUHVVLRQ�PRGHOV��%LRPHWULFV��������������������
�� +ROIRUG�7��7KH�DQDO\VLV�RI�UDWHV�DQG�VXUYLYRUVKLS�XVLQJ�ORJ�OLQHDU�PRGHOV��%LRPHWULFV�

�������������������
�� &KDUOVRQ�0��3RPSHL�3��$OHV�.��0DF.HQ]LH�&��$�QHZ�PHWKRG�RI�FODVVLI\LQJ�SURJQRVWLF

FRPRUELGLW\�LQ�ORQJLWXGLQDO�VWXGLHV��GHYHORSPHQW�DQG�YDOLGDWLRQ��-�&KURQ�'LV�����������������
���

�� YDQ�6WDD�7�3��$EHQKDLP�/��/HXINHQV�+��$�VWXG\�RI�WKH�HIIHFWV�RI�H[SRVXUH�PLVFODVVLILFDWLRQ
GXH�WR�WKH�WLPH�ZLQGRZ�GHVLJQ�LQ�SKDUPDFRHSLGHPLRORJLF�VWXGLHV��-�&OLQ�(SLGHPLRO�
�����������������

�� :LOHV�1��6\PPRQV�'��+DUULVRQ�%��HW�DO��(VWLPDWLQJ�WKH�LQFLGHQFH�RI�UKHXPDWRLG�DUWKULWLV�
7U\LQJ�WR�KLW�D�PRYLQJ�WDUJHW"�$UWKULWLV�5KHXP���������������������

��� 6DIDYL�.��+H\VH�6��+RFKEHUJ�0��(VWLPDWLQJ�WKH�LQFLGHQFH�DQG�SUHYDOHQFH�RI�UDUH
UKHXPDWRORJLF�GLVHDVHV��D�UHYLHZ�RI�PHWKRGRORJ\�DQG�DYDLODEOH�GDWD�VRXUFHV��-�5KHXPDWRO�
�����������������

��� :LOONHQV�5��%ODQGDX�5��$R\DPD�'��%HDVOH\�5��6WXGLHV�RI�UKHXPDWRLG�DUWKULWLV�DPRQJ�D
WULEH�RI�1RUWKZHVW�,QGLDQV��-�5KHXPDWRO�����������������

��� +DUYH\�-��$UQHWW�)��%LDV�:��+VX�6��6WHYHQV�0��+HWHURJHQHLW\�RI�+/$�'5��LQ�WKH
UKHXPDWRLG�DUWKULWLV�RI�D�&KLSSHZD�EDQG��-�5KHXPDWRO��������������������

��� 'HO�3XHQWH�$��.QRZOHU�:��3HWWLWW�'��%HQQHWW�3��+LJK�LQFLGHQFH�DQG�SUHYDOHQFH�RI
UKHXPDWRLG�DUWKULWLV�LQ�3LPD�,QGLDQV��$P�-�(SLGHPLRO���������������������

��� +DZOH\�'��:ROIH�)��$UH�WKH�UHVXOWV�RI�FRQWUROOHG�FOLQLFDO�WULDOV�DQG�REVHUYDWLRQDO�VWXGLHV�RI
VHFRQG�OLQH�WKHUDS\�LQ�UKHXPDWRLG�DUWKULWLV�YDOLG�DQG�JHQHUDOL]DEOH�DV�PHDVXUHV�RI�UKHXPDWRLG
DUWKULWLV�RXWFRPH��DQDO\VLV�RI�����VWXGLHV��-�5KHXPDWRO���������������������

��� 3LQFXV�7��5KHXPDWRLG�DUWKULWLV��GLVDSSRLQWLQJ�ORQJ�WHUP�RXWFRPHV�GHVSLWH�VXFFHVVIXO�VKRUW�
WHUP�FOLQLFDO�WULDOV��-�&OLQ�(SLGHPLRO����������������������

��� %RHOVWHUOL�8��=LPPHUPDQ�+��.UHW]�5RPPHO�$��,GLRV\QFUDWLF�OLYHU�WR[LFLW\�RI�QRQVWHURLGDO
DQWLLQIODPPDWRU\�GUXJV��PROHFXODU�PHFKDQLVPV�DQG�SDWKRORJ\��&ULW�5HY�7R[LFRO�����������������
���

��� 'DKO�6��:DUG�-��3KDUPDFRORJ\��FOLQLFDO�HIILFDF\��DQG�DGYHUVH�HIIHFWV�RI�WKH�QRQVWHURLGDO�DQWL�
LQIODPPDWRU\�DJHQW�EHRQ[DSURIHQ��3KDUPDFRWKHUDS\�������������������

��� 5DELQRYLW]�0��9DQ�7KLHO�'��+HSDWRWR[LFLW\�RI�QRQVWHURLGDO�DQWL�LQIODPPDWRU\�GUXJV��$P�-
*DVWURHQWHURO������������������������

��� %UDVV�(��+HSDWLF�WR[LFLW\�RI�DQWLUKHXPDWLF�GUXJV��&OHYH�&OLQ�-�0HG��������������������
��� )ULLV�+��$QGUHDVHQ�3��'UXJ�LQGXFHG�KHSDWLF�LQMXU\��DQ�DQDO\VLV�RI������FDVHV�UHSRUWHG�WR�WKH

'DQLVK�&RPPLWWHH�RQ�$GYHUVH�'UXJ�5HDFWLRQV�EHWZHHQ������DQG�������-�,QWHUQ�0HG�
������������������

��� &DUVRQ�-��6WURP�%��'XII�$��*XSWD�$��'DV�.��6DIHW\�RI�QRQVWHURLGDO�DQWL�LQIODPPDWRU\�GUXJV
ZLWK�UHVSHFW�WR�DFXWH�OLYHU�GLVHDVH��$UFK�,QWHUQ�0HG������������������

��� *DUFLD�5RGULJXH]�/��3HUH]�*XWWKDQQ�6��:DONHU�$��/XHFN�/��7KH�UROH�RI�QRQ�VWHURLGDO
DQWL�LQIODPPDWRU\�GUXJV�LQ�DFXWH�OLYHU�LQMXU\��%0-�����������������

��� -LFN�+��'HUE\�/��*DUFLD�5RGULJXH]�/��-LFN�6��'HDQ�$��/LYHU�GLVHDVH�DVVRFLDWHG�ZLWK
GLFORIHQDF��QDSUR[HQ��DQG�SLUR[LFDP��3KDUPDFRWKHUDS\��������������������

��� *DUFLD�5RGULJXH]�/��:LOOLDPV�5��'HUE\�/��'HDQ�$��-LFN�+��$FXWH�OLYHU�LQMXU\�DVVRFLDWHG
ZLWK�QRQVWHURLGDO�DQWL�LQIODPPDWRU\�GUXJV�DQG�WKH�UROH�RI�ULVN�IDFWRUV��$UFK�,QWHUQ�0HG�
���������������

��� :DONHU�$��4XDQWLWDWLYH�VWXGLHV�RI�WKH�ULVN�RI�VHULRXV�KHSDWLF�LQMXU\�LQ�SHUVRQV�XVLQJ�QRQVWHURLGDO
DQWLLQIODPPDWRU\�GUXJV��$UWKULWLV�5KHXP�������������������

��� :DONHU�$��%RUWQLFKDN�(��/DQ]D�/��<RRG�5��7KH�LQIUHTXHQF\�RI�OLYHU�IXQFWLRQ�WHVWLQJ�LQ
SDWLHQWV�XVLQJ�QRQVWHURLGDO�DQWL�LQIODPPDWRU\�GUXJV��$UFK�)DP�0HG��������������
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��� 0DQRXNLDQ�$��&DUVRQ�-��1RQVWHURLGDO�DQWL�LQIODPPDWRU\�GUXJ�LQGXFHG�KHSDWLF�GLVRUGHUV�
LQFLGHQFH�DQG�SUHYDOHQFH��'UXJ�6DIHW\�������������������

��� )U\�6��6HHII�/��+HSDWRWR[LFLW\�RI�DQDOJHVLFV�DQG�DQWL�LQIODPPDWRU\�DJHQWV��*DVWURHQWHURO�&OLQ
1RUWK�$P���������������������

��� )LJXHUDV�$��(VWHYH]�)��/DSRUWH�-�5��1HZ�GUXJV��QHZ�DGYHUVH�GUXJ�UHDFWLRQV��DQG
ELEOLRJUDSKLF�GDWDEDVHV��/DQFHW��������������

��� 0F&RUPLFN�3��.HQQHG\�)��&XUU\�0��7UD\QRU�2��&R[���LQKLELWRU�DQG�IXOPLQDQW�KHSDWLF
IDLOXUH��/DQFHW����������������

��� *DODQ�0��*RUGRQ�6��6LOYHUPDQ�$��&HOHFR[LE�LQGXFHG�FKROHVWDWLF�KHSDWLWLV��$QQ�,QWHUQ�0HG�
����������������

��� 1DFKLPXWKX�6��9ROILQ]RQ�/��*RSDO�/��$FXWH�KHSDWRFHOOXODU�DQG�FKROHVWDWLF�LQMXU\�LQGXFHG�LQ
D�SDWLHQW�WDNLQJ�FHOHFR[LE��3RVWJUDG�0HG�-�����������������

��� +DZNH\�&��/DQDV�$��'RXEW�DQG�FHUWDLQW\�DERXW�QRQVWHURLGDO�DQWL�LQIODPPDWRU\�GUXJV�LQ�WKH
\HDU�������D�PXOWLGLVFLSOLQDU\�H[SHUW�VWDWHPHQW��$P�-�0HG������������VXSSO��$����6����6�

��� (PHU\�3��&\FORR[\JHQDVH����D�PDMRU�WKHUDSHXWLF�DGYDQFH"�$P�-�0HG������������VXSSO��$����6�
�6�

��� 6FKQLW]HU�7��&\FORR[\JHQDVH�V�VSHFLILF�LQKLELWRUV��DUH�WKH\�VDIH"�$P�-�0HG������������VXSSO
�$����6���6�

��� %UDWHU�'��+DUULV�&��5HGIHUQ�-��*HUW]�%��5HQDO�HIIHFWV�RI�FR[���VHOHFWLYH�LQKLELWRUV�
1HSKURORJ\���������������

��� 3HUD]HOOD�0��7UD\�.��6HOHFWLYH�F\FORR[\JHQDVH���LQKLELWRUV��D�SDWWHUQ�RI�QHSKURWR[LFLW\�VLPLODU
WR�WUDGLWLRQDO�QRQVWHURLGDO�DQWL�LQIODPPDWRU\�GUXJV��$P�-�0HG����������������

��� (UDV�-��3HUD]HOOD�0��16$,'V�DQG�WKH�NLGQH\�UHYLVLWHG��DUH�VHOHFWLYH�F\FORR[\JHQDVH��
LQKLELWRUV�VDIH"�$P�-�0HG�6FL���������������������

��� +DOWHU�)��7DUQDZVNL�$��6FKPDVVPDQQ�$��3HVNDU�%��&\FORR\JHQDVH������LPSOLFDWLRQV�RQ
PDLQWHQDQFH�RI�JDVWULF�PXFRVDO�LQWHJULW\�DQG�XOFHU�KHDOLQJ��FRQWURYHUVLDO�LVVXHV�DQG�SHUVSHFWLYHV�
*XW�����������������

��� &OHODQG�/��-DPHV�0��6WDPS�/��3HQJOLV�3��&R[���LQKLELWLRQ�DQG�WKURPERWLF�WHQGHQF\��D�QHHG
IRU�VXUYHLOODQFH��0HG�-�$XVW�����������������

��� 5DLV]�/��3RWHQWLDO�LPSDFW�RI�VHOHFWLYH�F\FORR[\JHQDVH���LQKLELWRUV�RQ�ERQH�PHWDEROLVP�LQ�KHDOWK
DQG�GLVHDVH��$P�-�0HG������������VXSS��$����6���6�

��� Q�D��&HOHFR[LE�LQ�RVWHRDUWKULWLV�DQG�UKHXPDWRLG�DUWKULWLV��QHZ�SUHSDUDWLRQ��$V�GLVDSSRLQWLQJ�DV
URIHFR[LE��3UHVFULUH�,QW�������������������

��� 0RO�0��1J�:��<XHQ�0��:RQJ�5��/DX�&��6DIHW\�RI�GLVHDVH�PRGLI\LQJ�DQWL�UKHXPDWLF�DJHQWV�LQ
UKHXPDWRLG�DUWKULWLV�SDWLHQWV�ZLWK�FKURQLF�YLUDO�KHSDWLWLV��&OLQ�([S�5KHXPDWRO����������������

��� *URYH�0��+DVVHOO�$��+D\�(��6KGIRUWK�0��$GYHUVH�UHDFWLRQV�WR�GLVHDVH�PRGLI\LQJ�DQWL�
UKHXPDWLF�GUXJV�LQ�FOLQLFDO�SUDFWLFH��4�-�0HG�����������������

��� *DOLQGR�5RGULJXH]�*��$YLQD�=XELHWD�-��5XVVHOO�$��6XDUH]�$OPD]RXU�0��'LVDSSRLQWLQJ
ORQJWHUP�UHVXOWV�ZLWK�GLVHDVH�PRGLI\LQJ�DQWLUKHXPDWLF�GUXJV��$�SUDFWLFH�EDVHG�VWXG\��-
5KHXPDWRO����������������������

��� %H\HOHU�&��5HLFKHQ�-��7KRPDQQ�6��/DXWHUEXUJ�%��*HUEHU�1��4XDQWLWDWLYH�OLYHU�IXQFWLRQ�LQ
SDWLHQWV�ZLWK�UKHXPDWRLG�DUWKULWLV�WUHDWHG�ZLWK�ORZ�GRVH�PHWKRWUH[DWH��D�ORQJLWXGLQDO�VWXG\��%U�-
5KHXPDWRO�����������������

��� 6LQJK�*��)ULHV�-��:LOOLDPV�&��=DWDUDLQ�(��6SLW]�3��%ORFK�'��7R[LFLW\�SURILOHV�RI�GLVHDVH
PRGLI\LQJ�DQWLUKHXPDWLF�GUXJV�LQ�UKHXPDWRLG�DUWKULWLV��-�5KHXPDWRO��������������������

��� %DLOH\�$��%LRFKHPLVWU\�RI�ZHOO�SRSXODWLRQV��/DQFHW����������������������
��� %DWHV�%��<HOOLQ�-��7KH�\LHOG�RI�PXOWLSKDVLF�VFUHHQLQJ��-$0$�������������������
��� /DZUHQFH�&��7UHZLQ�9��7KH�FRQVWUXFWLRQ�RI�ELRFKHPLFDO�UHIHUHQFH�UDQJHV�DQG�WKH

LGHQWLILFDWLRQ�RI�SRVVLEOH�DGYHUVH�GUXJ�UHDFWLRQV�LQ�WKH�HOGHUO\��6WDWLVW�0HG����������������
��� .RROV�$��%ORRPHU�-��$EQRUPDO�OLYHU�IXQFWLRQ�WHVWV���+RZ�WR�DVVHVV�WKHLU�LPSRUWDQFH�LQ

DV\PSWRPDWLF�SDWLHQWV��3RVWJUDG�0HG�������������������
��� 0F.HQQD�-��0RVNRYLW]�0��&R[�-��$EQRUPDO�OLYHU�IXQFWLRQ�WHVWV�LQ�DV\PSWRPDWLF�SDWLHQWV���

���������������
��� <RXQRVVL�=��(YDOXDWLQJ�DV\PSWRPDWLF�SDWLHQWV�ZLWK�PLOGO\�HOHYDWHG�OLYHU�HQ]\PHV��&OHY�&OLQ�-

0HG�������������������
��� 'XK�0�6��:DONHU�$��.URQOXQG�.��'HVFULSWLYH�HSLGHPLRORJ\�RI�DFXWH�OLYHU�HQ]\PH

DEQRUPDOLWLHV�LQ�WKH�JHQHUDO�SRSXODWLRQ�RI�FHQWUDO�0DVVDFKXVHWWV��3KDUPDFRHSLGHPLRO�'UXJ
6DIHW\����������������
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��� :DONHU�$��&DYDQDXJK�5��7KH�RFFXUHQFH�RI�QHZ�KHSDWLF�GLVRUGHUV�LQ�D�GHILQHG�SRSXODWLRQ��3RVW
0DUNHWLQJ�6XUYHLOODQFH����������������

��� :ROIH�)��7KH�QDWXUDO�KLVWRU\�RI�UKHXPDWRLG�DUWKULWLV��-�5KHXPDWRO�����������VXSSO�����������
��� 3LQFXV�7��&DOODKDQ�/��:KDW�LV�WKH�QDWXUDO�KLVWRU\�RI�UKHXPDWRLG�DUWKULWLV"�5KHXP�&OLQ�1RUWK

$P��������������������
��� 0RYLWW�(��'DYLV�$��/LYHU�ELRSV\�LQ�UKHXPDWRLG�DUWKULWLV��$P�-�0HG������������������
��� /HINRYLWV�$��)DUURZ�,��7KH�OLYHU�LQ�UKHXPDWRLG�DUWKULWLV��$QQ�5KHXP�'LV����������������
��� 5XGHUPDQ�(��&UDZIRUG�-��0DLHU�$��/LX�-��*UDYDOOHVH�(��:HLQEODWW�0��+LVWRORJLF�OLYHU

DEQRUPDOLWLHV�LQ�DQ�DXWRSV\�VHULHV�RI�SDWLHQWV�ZLWK�UKHXPDWRLG�DUWKULWLV��%U�-�5KHXPDWRO�
�����������������

��� 0LOOV�3��0DF6ZHHQ�5��'LFN�:��0RUH�,��:DWNLQVRQ�*��/,YHU�GLVHDVH�LQ�UKHXPDWRLG
DUWKULWLV��6FRWW�0HG�-�������������������

��� 0LOOV�3��6WXUURFN�5��&OLQLFDO�DVVRFLDWLRQV�EHWZHHQ�DUWKULWLV�DQG�OLYHU�GLVHDVH��$QQ�5KHXP�'LV�
�������������������

��� 6DZD\�3��3UDVWKRIHU�(��%DUWRQ�-��3UHYDOHQFH�RI�JUDQXODU�O\PSKRF\WH�SUROLIHUDWLRQ�LQ�SDWLHQWV
ZLWK�UKHXPDWRLG�DUWKULWLV�DQG�QHXWURSHQLD��$P�-�0HG�������������������

��� <RQJ�$��*RK�$��5DKPDQ�0��0HQRQ�-��3XUXVKRWKDPDQ�9��(SLGHPLRORJ\�RI�DSODVWLF
DQDHPLD�LQ�WKH�VWDWH�RI�6DEDK��0DOD\VLD��0HG��-�0DOD\DVLD�������������������

��� 6KDSLUR�6��,VVDUDJULVLO�6��.DXIPDQ�'��HW�DO��$JUDQXORF\WRVLV�LQ�%DQJNRN��7KDLODQG��D
SUHGRPLQDQWO\�GUXJ�LQGXFHG�GLVHDVH�ZLWK�DQ�XQXVXDOO\�ORZ�LQFLGHQFH��$SODVWLF�$QHPLD�6WXG\
*URXS��$P�-�7URS�0HG�+\J�������������������

��� ,VVDUDJULVLO�6��/HDYHUWRQ�3��&KDQVXQJ�.��HW�DO��5HJLRQDO�SDWWHUQV�LQ�WKH�LQFLGHQFH�RI
DSODVWLF�DQHPLD�LQ�7KDLODQG��7KH�$SODVWLF�$QHPLD�6WXG\�*URXS��$P�-�+HPDWRO�������������������

��� /DUUHJLQD�$��$JJLR�0��$OYDUH]�5��,QFLGHQFH�DQG�SUREDEOH�HWLRORJ\�RI�WR[LF�DJUDQXORF\WRVLV�LQ
D�GHILQLWH�SRSXODWLRQ�LQ�WKH�SURYLQFH�RI�%XHQRV�$LUHV��������������0HGLFLQD��%�$LUHV��
����������������

��� 6WURP�%��&DUVRQ�-��6FKLQQDU�5��6Q\GHU�(��6KDZ�0��'HVFULSWLYH�HSLGHPLRORJ\�RI
DJUDQXORF\WRVLV��$UFK�,QWHUQ�0HG����������������������

��� 5DZVRQ�1��+DUGLQJ�6��0DOFROP�(��/XHFN�/��+RVSLWDOL]DWLRQV�IRU�DSODVWLF�DQHPLD�DQG
DJUDQXORF\WRVLV�LQ�6DVNDWFKHZDQ��LQFLGHQFH�DQG�DVVRFLDWLRQV�ZLWK�DQWHFHGHQW�SUHVFULSWLRQ�GUXJ
XVH��-�&OLQ�(SLGHPLRO����������������������

��� %DXPHORX�(��*XLJXHW�0��0DU\�-��(SLGHPLRORJ\�RI�DSODVWLF�DQHPLD�LQ�)UDQFH��D�FDVH�FRQWURO
VWXG\��,��0HGLFDO�KLVWRU\�DQG�PHGLFDWLRQ�XVH��7KH�)UHQFK�&RRSHUDWLYH�*URXS�IRU�(SLGHPLRORJLFDO
6WXG\�RI�$SODVWLF�$QHPLD��%ORRG��������������������

��� *LEVRQ�-��0F*LUU�(��<RUN�-��.URQHQEHUJ�+��$SODVWLF�DQHPLD�LQ�DVVRFLDWLRQ�ZLWK�JROG
WKHUDS\�IRU�UKHXPDWRLG�DUWKULWLV��$XVW�1�=�-�0HG�������������������

��� &DQYLQ�-��HO�*DEDODZ\�+��&KDOPHUV�,��)DWDO�DJUDQXORF\WRVLV�ZLWK�VXOIDVDOD]LQH�WKHUDS\�LQ
UKHXPDWRLG�DUWKULWLV��-�5KHXPDWRO��������������������

��� 3HUWXLVHW�(��/LRWH�)��&KHYUHW�6��%DUGLQ�7��'U\OO�$��.XQW]�'��7KHUDSHXWLF�PDLQWHQDQFH�DQG
WROHUDQFH�RI�VXOIDVDOD]LQH�LQ�UKHXPDWRLG�SRO\DUWKULWLV��5HWURVSHFWLYH�VWXG\�RI����SDWLHQWV��5HY
5KXP�0DO�2VWHRDUWLF��������������������

��� 0F.HQGU\�5��'DOH�3��$GYHUVH�HIIHFWV�RI�ORZ�GRVH�PHWKRWUH[DWH�WKHUDS\�LQ�UKHXPDWRLG�DUWKULWLV�
-�5KHXPDWRO���������������������

��� 6FRWW�'��'DFUH�-��$GYHUVH�UHDFWLRQV�WR�VXOIDVDOD]LQH��WKH�%ULWLVK�H[SHULHQFH��-�5KHXPDWRO�6XSSO�
��������������

��� 6FKDWWHQNLUFKQHU�0��0LVVOHU�%��0XO]�'��3RVWPDUNHWLQJ�H[SHULHQFH�ZLWK�DXUDQRILQ�LQ�WKH
)HGHUDO�5HSXEOLF�RI�*HUPDQ\��6FDQG�-�5KHXPDWRO�6XSSO����������������

��� +LUDNDZD�6��2KWVX�7��2MLPD�<��HW�DO��$FXWH�P\RFDUGLDO�LQIDUFWLRQ�IROORZLQJ�WR[LF�HSLGHUPDO
QHFURO\VLV"�&OLQ�([S�'HUPDWRO�������������������

��� 5RXSH�*��$KOPHQ�0��)DJHUEHUJ�%��6XXUNXOD�0��7R[LF�HSLGHUPDO�QHFURO\VLV�ZLWK�H[WHQVLYH
PXFRVDO�HURVLRQV�RI�WKH�JDVWURLQWHVWLQDO�DQG�UHVSLUDWRU\�WUDFWV��,QW�$UFK�$OOHUJ\�$SSO�,PPXQRO�
������������������

��� 2
6XOOLYDQ�0��+DQO\�-��0ROOR\�0��$�FDVH�RI�WR[LF�HSLGHUPDO�QHFURO\VLV�VHFRQGDU\�WR
LQGRPHWKDFLQ��%U�-�5KHXPDWRO������������������

��� /DXUHQFLQ�&��+RUDQ�5��6HQDWXV�3��:KHHOHU�&��/LSVRQ�6��6WHYHQV�-RKQVRQ�W\SH�UHDFWLRQ
ZLWK�YDQFRP\FLQ�WUHDWPHQW��$QQ�3KDUPDFRWKHU���������������������
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��� 5]DQ\�%��0RFNHQKDXSW�0��%DXU�6��HW�DO��(SLGHPLRORJ\�RI�HU\WKPD�H[VXGDWLYXP�PXOWLIRUPH
PDMXV��6WHYHQV�-RKQVRQ�V\QGURPH�DQG�WR[LF�HSLGHUPDO�QHFURO\VLV�LQ�*HUPDQ\�������������
VWUXFWXUH�DQG�UHVXOWV�RI�D�SRSXODWLRQ�EDVHG�UHJLVWU\��-�&OLQ�(SLGHPLRO��������������������

��� 6DQH�6��%KDWW�$��6WHYHQV�-RKQVRQ�V\QGURPH�DQG�WR[LF�HSLGHUPDO�QHFURO\VLV��FKDOOHQJHV�RI
UHFRJQLWLRQ�DQG�PDQDJHPHQW��-�$VVRF�3K\VLFLDQV�,QGLD�������������������

��� :RONHQVWHLQ�3��5HYX]�-��'UXJ�LQGXFHG�VHYHUH�VNLQ�UHDFWLRQV��,QFLGHQFH��PDQDJHPHQW�DQG
SUHYHQWLRQ��'UXJ�6DIHW\�������������������

��� .RUQLW]HU�0��'UDPDL[�0��'H�%DFNHU�*��(SLGHPLRORJ\�RI�ULVN�IDFWRUV�IRU�K\SHUWHQVLRQ�
LPSOLFDWLRQV�IRU�SUHYHQWLRQ�DQG�WKHUDS\��'UXJV���������������������

��� %XUW�9��:KHOWRQ�3��5RFFHOOD�(��HW�DO��3UHYDOHQFH�RI�K\SHUWHQVLRQ�LQ�WKH�86�DGXOW�SRSXODWLRQ�
UHVXOWV�IURP�WKH�7KLUG�1DWLRQDO�+HDOWK�DQG�1XWULWLRQ�([DPLQDWLRQ�6XUYH\�������������+\SHUWHQV�
������������������

��� %XUW�9��&XWOHU�-��+LJJLQV�0��HW�DO��7UHQGV�LQ�WKH�SUHYDOHQFH��DZDUHQHVV��WUHDWPHQW�DQG
FRQWURO�RI�K\SHUWHQVLRQ�LQ�WKH�86�DGXOW�SRSXODWLRQ��GDWD�IURP�WKH�KHDOWK�H[DPLQDWLRQ�VXUYH\V�
�����WR�������+\SHUWHQV������������������

��� 'DZVRQ�-��*RRGVRQ�1��*UDKDP�'��/\QFK�0��5DLVHG�SXOPRQDU\�DUWHU\�SUHVVXUHV�PHDVXUHG
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$P�-�5HVSLU�&ULW�&DUH�0HG���������������������
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���� &LPPLQR�0��3DULVL�0��0RJJLDQD�*��0HOD�*��$FFDUGR�6��3UHYDOHQFH�RI�UKHXPDWRLG
DUWKULWLV�LQ�,WDO\��WKH�&KLDYDUL�VWXG\��$QQ�5KHXP�'LV����������������

���� 6DUDX[�$��*XHGHV�&��$OODLQ�-��HW�DO��3UHYDOHQFH�RI�UKHXPDWRLG�DUWKULWLV�DQG
VSRQG\ODUWKURSDWK\�LQ�%ULWWDQ\��)UDQFH��-�5KHXPDWRO���������������������

p00220



3RVW�PDUNHWLQJ�FRKRUW�VWXG\�RI�OHIOXQRPLGH�����

���� 'XJRZVRQ�&��.RHSVHOO�7��9RLJKW�/��%OH\�/��1HOVRQ�-��'DOLQJ�-��5KHXPDWRLG�DUWKULWLV�LQ
ZRPHQ��,QFLGHQFH�UDWHV�LQ�JURXS�KHDOWK�FRRSHUDWLYH��6HDWWOH��:DVKLQJWRQ�������������$UWKULWLV
5KHXP���������������������

���� &KDQ�.��)HOVRQ�'��<RRG�5��:DONHU�$��,QFLGHQFH�RI�UKHXPDWRLG�DUWKULWLV�LQ�FHQWUDO
0DVVDFKXVHWWV��$UWKULWLV�5KHXP���������������������

���� *XLOOHPLQ�)��%ULDQFRQ�6��.OHLQ�-��6DXOHDX�(��3RXUHO�-��/RZ�LQFLGHQFH�RI�UKHXPDWRLG
DUWKULWLV�LQ�)UDQFH��6FDQG�-�5KHXPDWRO�������������������
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'0$5' ���������� �������� ���������� ����������
/()���07; ��������� ���������
/()���'0$5' ��������� ��������� ��������
07;���'0$5' ��������� �������� ���������� ���������
12�'0$5' ���������� �������� ���������� ����������
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TABLE  7 INCIDENCE RATES (PER 1000 P-Y) OF HEMATOLOGIC EVENTS (APLASTIC
ANEMIA, PANCYTOPENIA); N = NUMBER OF OBSERVED EVENTS

(;32685(�*5283��1� 5$7(������&,� $'-867('�5$7(
�����&,�

/()�0212���� �������������� 1&

07;�0212���� ����������������� 1&
'0$5'�0212����� ����������������� 1&
/()���07;���� � 1&
/()���'0$5'���� �������������� 1&
07;���'0$5'����� ����������������� 1&
12�'0$5'����� ����������������� 1&

�1&� �QRW�FDOFXODEOH
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TABLE 8 INCIDENCE RATES (PER 100 P-Y) OF SEVERE SKIN REACTIONS (ERYTHEMA
MULTIFORMAE, STEVENS-JOHNSON SYNDROME, TOXIC EPIDERMAL NECROLYSIS)

(;32685(�*5283 5$7(������&,� $'-867('�5$7(
�����&,�

/()�0212���� � 1&

07;�0212���� ����������������� 1&
'0$5'�0212����� ����������������� 1&
/()���07;���� � 1&
/()���'0$5'���� �������������� 1&
07;���'0$5'���� �������������� 1&
12�'0$5'���� �������������� 1&

�1&� �QRW�FDOFXODEOH
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TABLE 9  INCIDENCE RATES (PER 100 P-Y) HYPERTENSION (ESSENTIAL HYPERTENSION,
EXCLUDING PULMONARY)

(;32685(�*5283��1� 5$7(������&,� $'-867('�5$7(
�����&,�

/()�0212������ �������������������� ��������������������
07;�0212������ �������������������� ��������������������
'0$5'�0212������� �������������������� ��������������������
/()���07;����� �������������������� �������������������
/()���'0$5'������ �������������������� ��������������������
07;���'0$5'������ �������������������� ��������������������
12�'0$5'������� ����������������������� �����������������������
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7$%/(��� ,1&,'(1&(�5$7(6��3(5�����3�<��31(8021,7,6

(;32685(�*5283��1� 5$7(������&,� $'-867('�5$7(
�����&,�

/()�0212����� �������������������� �������������������
07;�0212������ �������������������� ��������������������
'0$5'�0212������ �������������������� ��������������������
/()���07;����� ������������������ ������������������
/()���'0$5'����� ������������������� ������������������
07;���'0$5'������ ������������������ �����������������
12�'0$5'������ �������������������� ��������������������
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TABLE 11 INCIDENCE RATES (PER 1000 P-Y) OF PANCREATITIS

(;32685(�*5283��1� 5$7(������&,� $'-867('�5$7(
�����&,�

/()�0212���� ����������������� �����������������
07;�0212����� ����������������� �����������������
'0$5'�0212����� ����������������� �����������������
/()���07;���� �������������� 1&

/()���'0$5'���� ����������������� �����������������
07;���'0$5'����� ����������������� �����������������
12�'0$5'����� ����������������� �����������������

�1&� �QRW�FDOFXODEOH
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7$%/(��� ,1&,'(1&(�5$7(6��3(5�����3�<��2)�5(63,5$725<�(9(176��$&87(
%521&+,7,6��,1)/8(1=$��$&87(�/$5<1*23+$5<1*,7,6��%521&+,7,6�

(;32685(�*5283��1� 5$7(������&,� $'-867('�5$7(
�����&,�

/()�0212����� �������������������� ��������������������
07;�0212������ �������������������� ��������������������
'0$5'�0212������� �������������������� ��������������������
/()���07;����� ������������������� �������������������
/()���'0$5'����� ������������������ �������������������
07;���'0$5'������ �������������������� ��������������������
12�'0$5'������� �������������������� ��������������������
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TABLE 13 PREVALENCE OF RA ACROSS DIFFERENT STUDIES

678'<�6,7(��<($5�6� 35(9$/(1&(�3(5������ ',$*126,6�,1&/8'('� 5()(5(1&(

86��������� ���PHQ�
����ZRPHQ�

5KHXPDWRLG�IDFWRU
VHURORJ\��UDGLRJUDSKV

�����

7HFXPVHK��������� ���PHQ�
���ZRPHQ�

5KHXPDWRLG�IDFWRU
VHURORJ\

�����

6XGEXU\��������� ���PHQ�
����ZRPHQ�

([DP��UKHXPDWRLG�IDFWRU
VHURORJ\��UDGLRJUDSK\

�����

86��������� ���PHQ�
����ZRPHQ�

([DP��FOLQLFDO�GLDJQRVLV� �����

5RFKHVWHU��������� �����PHQ�
������ZRPHQ�

$&5�FULWHULD������� �����

5RFKHVWHU��������� �����PHQ�
������ZRPHQ�

$&5�FULWHULD������� �����

%HOJUDGH��������� �����PHQ�
�����ZRPHQ�

$5$�FULWHULD���������H[DP�
UKHXPDWRLG�IDFWRU��[�UD\

�����

.DPLWRQGD������ �����PHQ�
�����ZRPHQ�

$5$�FULWHULD�������5RPH��
H[DP��VHURORJ\��[�UD\

�����

6SDLQ��Q�G� ���VH[HV�FRPELQHG� $&5�FULWHULD������� �����
1RUWK�3DNLVWDQ������ �����VH[HV�FRPELQHG� $5$�FULWHULD������� �����
1RUZD\��������� �����PHQ�

�����ZRPHQ�
$5$�FULWHULD������� �����

*UHHFH������ �����PHQ�
�����ZRPHQ�

$5$�FULWHULD������� �����

6ZHGHQ��Q�G� �����VH[HV�FRPELQHG� $5$�FULWHULD������� �����
8.��Q�G� ����ZRPHQ� $5$�FULWHULD������� �����
,WDO\�������� �����PHQ�

�����ZRPHQ�
$5$�FULWHULD������� �����

%ULWWDQ\��Q�G� �����PHQ�
�����ZRPHQ�

,QWHUYLHZ�ZLWK�SDWLHQW�
SK\VLFLDQ

�����

p00236



3RVW�PDUNHWLQJ�FRKRUW�VWXG\�RI�OHIOXQRPLGH�����

7$%/(��� ,1&,'(1&(�5$7(6�2)�5$�$&5266�',))(5(17�678',(6

678'<�6,7(��<($5�6� ,1&,'(1&(��3(5��������
3(5�<($5

',$*126,6�,1&/8'('� 5()(5(1&(

(QJODQG������ ������ZRPHQ�
������PHQ�

$&5�FULWHULD������� ���

6HDWWOH��������� ������ZRPHQ� $&5�FULWHULD������� �����
5RFKHVWHU��������� ������ZRPHQ�

������PHQ�
$&5�FULWHULD������� �����

5RFKHVWHU��������� ������ZRPHQ�
������PHQ�

$&5�FULWHULD������� �����

0DVVDFKXVHWWV��������� ����ZRPHQ�
����PHQ�

$&5�FULWHULD������� �����

)UDQFH��������� ������ZRPHQ�
�����PHQ�

$&5�FULWHULD������� �����

)LQODQG������� ����VH[HV�FRPELQHG� $&5�FULWHULD������� �����
1RUZD\��������� ������ZRPHQ�

������PHQ�
$&5�FULWHULD������� �����

2VOR��������� ������ZRPHQ�
������PHQ�

5HJLVWU\�GDWD �����

8.������ ����ZRPHQ�
����PHQ�

$&5�FULWHULD������� �����
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$33(1',;�$��678'<�&2+2576

• 0RQRWKHUDS\�FRKRUWV��Q ����OHIOXQRPLGH��DORQH�RU�ZLWK�16$,'��FR[�����'0$5'��DORQH�RU�ZLWK
16$,'��FR[�����PHWKRWUH[DWH��DORQH�RU�ZLWK�16$,'��FR[���

• 7ZR�GUXJ�WKHUDS\�FRPELQDWLRQ�FRKRUWV��Q ����OHIOXQRPLGH���'0$5'��ZLWK�RU�ZLWKRXW�16$,'�
FR[�����OHIOXQRPLGH���PHWKRWUH[DWH��ZLWK�RU�ZLWKRXW�16$,'��FR[�����'0$5'���PHWKRWUH[DWH��ZLWK�RU
ZLWKRXW�16$,'��FR[���

OHIOXQRPLGH�
OHIOXQRPLGH��OHIOXQRPLGH����B��������������

0HWKRWUH[DWH

�0HWKRWUH[DWH�6RGLXP�)RU�,QM���*0������B��������������������
�0HWKRWUH[DWH�6RGLXP�)RU�,QM����0*�����B��������������������
�0HWKRWUH[DWH�6RGLXP�,QM����0*�0/������B��������������������
�0HWKRWUH[DWH�7DE�����0*�������B��������������������
�0HWKRWUH[DWH�7DE�����0*��$QWLUKHXPDWLF��������B��������������������

16$,'V

�B���������������'LFORIHQDF�6RGLXP
�B���������������'LFORIHQDF�3RWDVVLXP
�B���������������(WRGRODF
�B���������������)HQRSURIHQ�&DOFLXP
�B���������������)OXUELSURIHQ
�B���������������,EXSURIHQ
�B���������������,QGRPHWKDFLQ
�B���������������,QGRPHWKDFLQ�6RGLXP
�B���������������.HWRSURIHQ
�B���������������.HWRURODF�7URPHWKDPLQH
�B���������������0HFORIHQDPDWH�6RGLXP
�B���������������0HIHQDPLF�$FLG

B���������������0HOR[LFDP
�B���������������1DEXPHWRQH
B���������������1DSUR[HQ
�B���������������1DSUR[HQ�6RGLXP
�B���������������2[DSUR]LQ
�B���������������3LUR[LFDP
�B���������������6XOLQGDF
�B���������������7ROPHWLQ�6RGLXP
�B���������������3KHQ\OEXWD]RQH
�B���������������'LFORIHQDF�Z��0LVRSURVWRO

&2;���,1+,%,7256

B���������������&HOHFR[LE
B���������������5RIHFR[LE
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'0$5'6

*ROG�&RPSXQGV
�B���������������$XUDQRILQ
�B���������������$XURWKLRJOXFRVH
�B���������������*ROG�6RGLXP�7KLRPDODWH

�6ROXEOH�7XPRU�1HFURVLV�)DFWRU�UHFHSWRU
DQWDJRQLVW
�B���������������(WDQHUFHSW��(QEUHO�

$QWL�71)�DQWLERG\
,QIOL[LPDE��5HPLFDGH�

$QWLPDODULDOV
��B���������������������K\GUR[\FKORURTXLQH
&KORURTXLQH�SKRVSKDWH��&KORURTXLQH�VXOSKDWH

$QWLELRWLFV
���0LQRF\FOLQH

&KHODWLQJ�DJHQWV
B���������������������SHQLFLOODPLQH

6XOIDVDOD]LQH
B���������������������VXOIDVDOD]LQH

6WHURLGV
�B�������������JOXFRFRUWLFRLGV

&\WRWR[LFV
�B���������������������FKORUDPEXFLO
�B���������������������F\OFRSKRVSKDPLGH

F\FORVSRULQH
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$33(1',;�%��(1'32,17�'(),1,7,216
+HSDWLF�(YHQWV

$FXWH�RU�6XEDFXWH�/LYHU�1HFURVLV��,&'��&0�������
&LUUKRVLV�RI�OLYHU�ZLWKRXW�PHQWLRQ�RI�DOFRKRO��,&'��&0�������
%LOLDU\�&LUUKRVLV��,&'��&0���������
+HSDWLF�&RPD��,&'��&0���������
+HSDWLWLV��1RQLQIHFWLRXV�7R[LF��,&'��&0���������
8QVSHFLILHG�FKURQLF�OLYHU�GLVHDVH�ZLWKRXW�PHQWLRQ�RI�DOFRKRO��,&'��&0����������
2WKHU�6SHFLILHG�/LYHU�'LVRUGHU��,&'��&0���������
8QVSHFLILHG�/LYHU�'LVRUGHU��,&'��&0���������

(OHYDWLRQ�LQ�(Q]\PHV
��

����������������6*27
����������������6*37
����������������WUDQVDPLQDVH
����������������DFLG�SKRVSKDWDVH
����������������DONDOLQH�SKRVSKDWDVH

$SODVWLF�$QHPLD��3DQF\WRSHQLD

��������&RQVWLWXWLRQDO�DSODVWLF�DQHPLD
�������������������������$SODVLD���SXUH��UHG�FHOO�
�������������������������FRQJHQLWDO
�������������������������RI�LQIDQWV
�������������������������SULPDU\
�������������������������%ODFNIDQ�'LDPRQG�V\QGURPH
�������������������������)DPLOLDO�K\SRSODVWLF�DQHPLD
�������������������������)DQFRQL
V�DQHPLD
�������������������������3DQF\WRSHQLD�ZLWK�PDOIRUPDWLRQV

���������������������2WKHU�VSHFLILHG�DSODVWLF�DQHPLDV
�������������������������$SODVWLF�DQHPLD��GXH�WR��

�������������������������FKURQLF�V\VWHPLF�GLVHDVH
�������������������������GUXJV
�������������������������LQIHFWLRQ
�������������������������UDGLDWLRQ
�������������������������WR[LF��SDUDO\WLF�
�������������������������3DQF\WRSHQLD��DFTXLUHG�
�������������������������5HG�FHOO�DSODVLD��DFTXLUHG���DGXOW���SXUH���ZLWK�WK\PRPD�

�����������������������$SODVWLF�DQHPLD��XQVSHFLILHG�$QHPLD�
�������������������������DSODVWLF��LGLRSDWKLF��126
�������������������������DUHJHQHUDWLYH
�������������������������K\SRSODVWLF�126
�������������������������QRQUHJHQHUDWLYH
�������������������������UHIUDFWRU\
�������������������������0HGXOODU\�K\SRSODVLD
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6HYHUH�6NLQ�5HDFWLRQV
��������(U\WKHPD�PXOWLIRUPH
���������������������������(U\WKHPD�LULV
���������������������������+HUSHV�LULV
���������������������������/\HOO
V�V\QGURPH
���������������������������6FDOGHG�VNLQ�V\QGURPH
���������������������������6WHYHQV�-RKQVRQ�V\QGURPH
���������������������������7R[LF�HSLGHUPDO�QHFURO\VLV

+\SHUWHQVLRQ
���(VVHQWLDO�K\SHUWHQVLRQ

>([FOXGH�

������������������������������H\H���������
������������������������������SXOPRQDU\�K\SHUWHQVLRQ��������������
������������������������������WKDW�LQYROYLQJ�YHVVHOV�RI�
������������������������������EUDLQ����������@

�����������������������0DOLJQDQW
�����������������������%HQLJQ
�����������������������8QVSHFLILHG�(OHYDWHG�EORRG�SUHVVXUH

�������HOHYDWHG�EORRG�SUHVVXUH�ZLWKRXW�GLDJQRVLV�RI�K\SHUWHQVLRQ

3QHXPRQLWLV

3QHXPRQLWLV��DFXWH���SULPDU\� ����������
����������VSHFLILHG�W\SH�1(&������
����������DOOHUJLF������
����������K\SHUVHQVLWLYLW\������
����������FKHPLFDO������
����������FKROHVWHURO������
����������O\PSKRLG������
����������O\PSKRLG��LQWHUVWLWLDO������
����������HRVLQRSKLOLF������
������3RVWLQIODPPDWRU\�SXOPRQDU\�ILEURVLV

&LUUKRVLV�RI�OXQJ�FKURQLF�RU�XQVSHFLILHG
)LEURVLV�RI�OXQJ��DWURSKLF���FRQIOXHQW���PDVVLYH���SHULDOYHRODU���SHULEURQFKLDO��FKURQLF�RU�XQVSHFLILHG
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• $OO�SDWLHQWV�LQ�WKH�5$�FRKRUW�ZLWK�D�GLDJQRVLV�FRGH�LQGLFDWLQJ�D�KHSDWLF�HYHQW�RI�LQWHUHVW�ZLOO�EH

LGHQWLILHG. A letter will be sent from the US Quality Assurance (USQA) department at Aetna to the site of
care requesting copies of both the office/hospital notes at and around the time of the coded event of interest
in addition to any of the following laboratory tests that may have been undertaken: liver biopsy, ultrasound,
CT/MRI scan, serum chemistries including liver enzymes, bilirubin and hepatitis titres.

• 7KH�RIILFH�RU�KRVSLWDO�ZLOO�UHFHLYH�D�ILQDQFLDO�LQFHQWLYH�WR�UHVSRQG�
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V�SUH��DQG�SRVW�GLDJQRVLV�VWDWXV�DV�RXWOLQHG�LQ�WKH�IROORZLQJ
DEVWUDFW�IRUPV
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,I�LQIRUPDWLRQ�LV�DYDLODEOH�DIWHU�WKH�FHVVDWLRQ�RI�GUXJ��H�J��GHFKDOOHQJH���GUXJ�LQGXFHG�KHSDWRFHOOXODU
LQMXU\�LV�VXJJHVWHG�LI�WKH�GHFUHDVH�RI�$/7�LV�PRUH�WKDQ�����RI�WKH�H[FHVV�RYHU�WKH�XSSHU�OLPLW�RI�QRUPDO
ZLWKLQ���GD\V�DQG�QR�DGGLWLRQDO�HOHYDWLRQ�RI�$/7�ZLWKLQ�D�PRQWK��,W�LV�VXJJHVWLYH�LI�WKH�GHFUHDVH�LV�PRUH
WKDQ�����ZLWKLQ����GD\V��DQG�QRW�VXJJHVWLYH�LI�WKH�YDULDWLRQ�LQ�$/7�OHYHOV�DUH�RWKHUZLVH�
�
&DXVDO�UHODWLRQVKLS�ZLWK�D�GUXJ�FDQ�RQO\�EH�H[FOXGHG�ZKHQ�WKH�WLPLQJ�LV�LQFRPSDWLEOH��RQVHW�RI�OLYHU
GDPDJH�LV�EHIRUH�WKH�GUXJ�LV�DGPLQLVWHUHG��RU�ZKHQ�WKH�OLYHU�DEQRUPDOLWLHV�DUH�GLVFRYHUHG�PRQWKV�WR�\HDUV
DIWHU�WKH�GUXJ�LV�ZLWKGUDZQ��8QGHUO\LQJ�LOOQHVVHV�PD\�PLPLF�GUXJ�LQGXFHG�KHSDWRWR[LFLW\�DQG�PXVW�EH
FRQVLGHUHG�LQ�DWWHPSWLQJ�WR�GHGXFH�FDXVDOLW\��7KHVH�LQFOXGH�EXW�DUH�QRW�OLPLWHG�WR�FKURQLF�DOFRKROLVP
�HOHYDWHG�DPLQRWUDQVIHUDVH�ZLWK�$67�WR�$/7�UDWLR�RI�PRUH�WKDQ���LV�VXJJHVWLYH�RI�DOFRKRO�OLYHU�GDPDJH��
EDFWHULDO�LQIHFWLRQ��HOHYDWHG�DONDOLQH�SKRVSKDWDVH�RU�WRWDO�ELOLUXELQ�ZLWK�UDUH�HOHYDWLRQV�RI
DPLQRWUDQVIHUDVH�OHYHOV�DERYH��1���ULJKW�VLGHG�RU�ELYHQWULFXODU�KHDUW�IDLOXUH��DQG�OHIW�VLGHG�KHDUW�IDLOXUH�RU
K\SRWHQVLRQ��5LJKW�VLGHG�KHDUW�IDLOXUH�PD\�OHDG�WR�FRQJHVWLRQ�RI�WKH�OLYHU�ZLWK�VXEVHTXHQW�YHU\�ODUJH
HOHYDWLRQV�RI�$3�DQG�RU�WUDQVDPLQDVHV��DQG�RU�XQFRQMXJDWHG�ELOLUXELQ�LQ�PRVW�FDVHV��/HIW�VLGHG�KHDUW
IDLOXUH�RU�K\SRWHQVLRQ��VXFK�DV�RFFXUV�DV�D�UHVXOW�RI�DUUK\WKPLD�RU�P\RFDUGLDO�LQIDUFWLRQ��PD\�UHVXOW�LQ
K\SR[LD�RI�WKH�OLYHU��,Q�VXFK�FDVHV��D�UDSLG�ULVH�LQ�DPLQRWUDQVIHUDVH�OHYHOV�IROORZHG�E\�D�UDSLG�UHWXUQ�WR
QRUPDO�LV�W\SLFDO�RI�VRPH�FDVHV�DQG�VRPHWLPHV�DFFRPSDQLHG�E\�D�GHOD\HG�K\SHUELOLUXELQHPLD�E\������
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)DWW\�OLYHU�RI�SUHJQDQF\��FKROHVWDWLF�LQMXU\��DQG�ELOLDU\�REVWUXFWLRQ�VKRXOG�OLNHZLVH�EH�HOLPLQDWHG�DV�D
SRVVLEOH�HWLRORJ\�E\�KHSDWRELOLDU\�XOWUDVRXQG�
�
�
�
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Table 1. Definitions and Types of Liver Inquiry (Strawman) 

 
Liver Injury 

 
Hepatocellular 

 
Cholestatic 

 
Mixed 

>2-3xULN of ALT 
(SGPT) OR 

>2-3 x ULN in ALT 
and nl Alk Phos 
OR 

>2 x ULN in Alkaline 
Phosphate OR 

>2-3 x ULN ALT 
AND >2 x ULN 
Alkaline Phosphate 
OR 

>2 x ULN conjugated 
Bilirubin, OR elevated 
AST (SGOT), 
Alkaline Phosphate 
and Total Bilirubin 
(one of these must be 
>2 x ULN) 

Ratio of ALT to 
Alkaline Phosphate ≥ 
5 

Ratio of ALT to 
Alkaline Phosphate ≤ 
2 

Ratio of ALT TO 
Alkaline Phosphate 
AND Ratio of ALT 
and Alkaline 
Phosphate between 2 
and 5 
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Table 2 Sample Proposed Formats for Collecting Hepatotoxicity Data 
 
 
LIVER INJURY 
 
Signs of severe injury include a marked elevation of ALT or conjugated bilirubin (CB), PT 
prolongation, the presence of jaundice in association with hepatocellular injury, or the 
presence of hepatic encephalopathy. 
 
1 Abbreviated List 
 
Shaded cells: most desired data elements. 
 

1.  RELEVANT HISTORY AND CLINICAL CONDITIIONS 
Hepatobiliary 

disorder 

 

No   Yes  Specify 
 
 �         � 
 

 
Alcohol abuse 

No   Yes   Specify 
 
  �       � 

Risk factor(s) 
for viral 
hepatitis 

No   Yes  Specify 
 
  �      � 

2.  RELEVANT  TESTS/LABORATORY DATA  (where ND=not determined) 
a). Lab. 
  Tests 
 
 

Normal 
Range 
 

Before 
treatment 
 

During treatment After cessation of the suspected drug 
(enter only  lowest  levels observed) 
 
Drug(s) discontinued:   
 
___________________ 
 

   Earliest 
Abnormalitie
s 
Observed* 

Highest 
level 
observed 

Day 0 First 8 
days 

Day 9-180 

DATE 
(M/D/Y) 

       

ALT (SGPT)        
AST (SGOT)        
AP (Alk Phos)        
T. Bili. (TB)         
C. Bili. (CB)        
Protime (PT)         
GGT        
CPK        
b).Serology ��  Not 

done 
Absent Present Titer Date M/D/Y) c) Liver Biopsy 

Anti HAV/IgM 
 
Anti HBc/gM 
 
Anti-HCV 
 
Other serology 

 �  Not done        � Done 
 
Findings 
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Table 2 (Continued) 
 
2 Comprehensive List 
 

1.  RELEVANT HISTORY AND CLINICAL CONDITIIONS 
 No   Yes  Specify  No   Yes   Specify 

        
 No   Yes  Specify 

 
 

Hepatobiliary 
disorder 

�     � Right side heart 
failure 

�       � Occupational 
toxic agent 

�      � 

Alcohol abuse  Recent 
hypotension 

 Intravenous 
drugs abuse 

 

Drug  allergy  Cancer  Acupuncture  
Auto-immune   

Transfusion of 
blood products 

 Recent travel 
to Africa, 
Asia  

 

2.  RELEVANT  TESTS/LABORATORY DATA  (where ND=not determined) 
a). Lab. 
  Tests 
 
 

Normal 
Range 
 

Before 
treatment 
 

During treatment After cessation of the suspected drug 
(enter only  lowest  levels observed) 
[re lowest – why- makes no sense] 
Drug(s) discontinued:  
___________________ 
 

   Earliest 
abnormalities 
observed* 

Highest 
level 
observed 

Day 0 First 8 days Day 9-180 

DATE 
(M/D/Y) 

       

ALT (SGPT)        
AST (SGOT)        
AP (Alk Phos)        
T. Bili. (TB)         
C. Bili. (CB)        
Protime (PT)         
GGT        
CPK        
b).Serology ��  Not 

done 
Absent Present Titer Date M/D/Y) c) Liver Biopsy 

Anti HAV/IgM 
Anti HBc/IgM 
Anti-HCV 
Anti-CMV Igm 
Anti-nuclear 
Anti-native 
DNA  
Anti-smooth        
 muscle 
Anti-      
 mitochondria 
 
Other serology 

 
 
 
 

�  Not done         
 
� Done 
 
Findings________________ 
 
[Re not done, done findings – 
what’s this mean?] 

*Enter only result from the same day 
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SUMMARY

Leflunomide, a new Disease Modifying Anti-Rheumatic Drug (DMARD) introduced
in 1998, has been the object of several spontaneous reports of adverse events and clinical
cases described in the literature.  We report on a study conducted in two large databases
of health insurance claims to assess the risk of serious hepatic, dermatologic, hematologic
and other adverse outcomes associated with the use of leflunomide and other DMARDS,
relative to methotrexate.

We formed a retrospective cohort using data from the Protocare and PharMetrics
claims databases that together encompass 26 million lives. The cohort included subjects
with a diagnosis of rheumatoid arthritis who filled a prescription for a DMARD between
September 1, 1998 and December 31, 2001.  Cohort members were followed from the
date of their first DMARD to the occurrence of serious hepatic events, hematologic events,
severe skin reactions and pancreatitis, all requiring hospitalisation, as well as pneumonitis,
opportunistic infection and septicemia, and lymphoma.  The composite endpoint defined
as the occurrence of any of the above diagnoses was used.  The analysis employed a
nested case-control approach with 10 to 100 randomly selected controls per case on their
index date.  The DMARDS dispensed during the year prior to the index date, including
leflunomide, the newer biologic DMARDS and the other DMARDS were compared to
monotherapy with methotrexate.  Conditional logistic regression was used to estimate the
rate ratio of the different endpoints, adjusted for age, gender, non-DMARD use and
comorbidity.

The PharMetrics and Protocare cohorts comprised 33,009 and 8,876 users of a
DMARD respectively, in which 463 cases from all causes occurred during follow-up. 
Overall, the rate ratio of the combined outcome of any adverse event requiring
hospitalisation for leflunomide use during the year prior to the index date was 1.1 (95% CI:
0.7-1.5) while it was 1.8 (95% CI: 1.2-2.7) for biological DMARDS and 1.2 (95% CI: 0.9-
1.5) for other DMARDS.  While current use of leflunomide had no increased risk, past use
of this medication appeared to be associated with an increased risk (RR 1.7; 95% CI: 1.0-
2.9).  The risk of serious hepatic events was increased only with biological DMARDS (RR
5.4: 95% CI: 1.2-24.7), while the risk of serious hematological adverse events was not
increased with any DMARD.  The risk of serious pancreatitis was doubled with biological
DMARDS, but not with any other DMARD, inlcuding leflunomide.  The risk of opportunistic
infections and septicemia was doubled with biological DMARDS, but not with any other
DMARD, including leflunomide.  The incidence of severe skin reactions, interstitial
pneumonias and lymphomas was too low to allow analyses.

Among patients with rheumatoid arthritis treated with a DMARD, we did not find an
excess risk of adverse events with use of leflunomide relative to the use of methotrexate as
a single disease modifying therapy.  The finding of an increased risk in past users of
leflunomide is likely an artifact resulting from early recognition of adverse events,
compensated by lower risks for current use.  The study had sufficient power to detect two-
fold increases in the risk of most adverse events, with the exceptions of serious
pancreatitis and hepatitis for which the study could detect rate ratios of 2.5 and 5
respectively.
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INTRODUCTION
Leflunomide, approved by the US Food and Drug Administration (FDA) in

September 1998, was the first new Disease Modifying Anti-Rheumatic Drug (DMARD)
introduced in a decade.  It is indicated for adults with active rheumatoid arthritis (RA) to
reduce signs and symptoms and to retard structural damage as evidenced by X-ray
erosions and joint space narrowing.  There have been spontaneous reports to the
manufacturer and drug regulators as well as clinical cases described in the literature of
adverse events in association with the use of leflunomide.

A recent study evaluated the risks of leflunomide and other DMARDS in a cohort of
40,594 patients with RA drawn from the Aetna-US Healthcare claims database covering
10 million persons (Post-marketing cohort study of Leflunomide and other DMARDs: A
comparative risk analysis, Global Epidemiology, Aventis Pharmaceuticals, March 7,
2002).  The cohort spanned the period from September 1998 through December 2000. 
The principal comparisons involved exposure to one and two drug combinations with
leflunomide monotherapy and leflunomide with methotrexate as the reference groups.  The
events of interest consisted of serious hepatic events, other hepatic events, hematologic
events, severe skin reactions, hypertension, vasculitis and hemolytic anemia, pneumonitis,
pancreatitis, gastrointestinal bleeding, respiratory events, and septic arthritis, as well as a
composite outcome of any of these events.  That study found that the rates of these events
with leflunomide exposure were statistically lower or no different than for the reference. 
The results are limited by the lack of more intricate analyses of the cohort, due to the
restricted access to the raw database.

We report on another study conducted in two large databases of health insurance
claims to assess the risk of serious hepatic, dermatologic, hematologic and other adverse
outcomes associated with the use of leflunomide and other DMARDS, relative to
methotrexate.

METHODS
Study Design and Data Source

We formed a retrospective cohort, based on two sources of data, to evaluate these
risks.  The first data source is a subset of the Protocare longitudinal health benefit claims
database that combines data from Medicaid, Medicare, private health maintenance
organizations (HMO) and preferred provider organizations (PPO).  This proprietary
database encompasses over 10 million lives and has been in existence since 1991.  The
second source of data is the PharMetrics Integrated Outcomes Database.  It consists of
standardized information on claims data from over 40 different managed care
organizations and encompasses more than 16 million lives.  For the present study, the two
datasets were limited to claims with at least one occurrence of a diagnosis of rheumatoid
arthritis (ICD-9: 714) between January 1, 1998 and December 31, 2001.  These
databases do not permit access to the medical records so as to protect patient
confidentiality.

Because of the complexity in the patterns of drugs used to treat RA, the risks were
estimated using a nested case-control approach.  This allows one to deal effectively with
multiple drug use and varying durations of use.
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Cohort Definition 
Cohort entry was defined for both cohorts by the date of the first prescription for a

DMARD after September 1, 1998, the launching date of leflunomide in the US.  The
DMARDs include leflunomide, methotrexate, gold compounds, anti-tumor necrosis factor
alpha agents (anti-TNF), antimalarials, minocycline, chelating agents, sulfasalazine and
cytotoxics.  All subjects were followed from the date of the first prescription until the earliest
of: the date of termination of enrollment in the health plan, the date of death, the end of the
study period (December 31, 2001) or the date of the clinical outcome of interest.  Subjects
had to be eighteen years or older at cohort entry.  Subjects with less than three months of
eligibility in the health insurance plan prior to cohort entry were excluded.  In addition,
subjects with the outcome of interest during the three-month period prior to cohort entry
were excluded.

Outcome Events
Outcome events were identified from inpatient and outpatient encounters, using

specific ICD-9 codes (see Appendix A).  The events under study include serious hepatic
events (hepatic necrosis, cirrhosis, hepatic coma, and hepatitis), hematologic events
(aplastic anemia, agranulocytosis, pancytopenia), severe skin reactions (erythema
multiformae, Stevens-Johnson Syndrome, toxic epidermal necrolysis), and pancreatitis all
requiring hospitalisation, as well as pneumonitis, opportunistic infection and septicemia,
and lymphoma.  We also evaluated the same endpoints without the requirement for
hospitalisation (expanded definition).  

Because of the rarity of some of these outcomes, a composite endpoint, defined as
the occurrence of any of the above diagnoses, was created.  For subjects with more than
one endpoint, the first occurrence during follow-up was used.

Nested case-control design
We used a nested case-control design within the cohorts.  This approach allows us

to address the complex patterns of drug exposure with insignificant loss of power.  For
each case identified in the cohorts, we randomly selected 10 controls from the cohort, after
matching on the date of cohort entry and ensuring that they were at risk on the day of the
event of the case.  That date was designated the index date.  For the events with few
cases (less than 100), we increased the number of controls to 100 per case.

Exposure Measurement
All drugs received during follow-up, including DMARDS and other non-DMARD RA

drugs, were identified from dispensed prescription data.  The type, date of filling, and the
duration of each prescription dispensed at the time of cohort entry were obtained from the
databases.

For the purposes of comparison, the DMARDS were divided into four groups:
leflunomide, the newer biologic DMARDS (TNF receptor antagonists: inflixmab and
etanercept), the other DMARDS (gold compounds, antimalarials, minocycline, chelating
agents, sulfasalazine and cytotoxics; these include auranofin, aurothioglucose, gold
sodium thiomalate, hydroxychloroquine, hydroxychloroquine sulfate, minocycline,
penicillamine, sulfasalazine, chlorambucil, cyclophosphamide and cyclosporine) and
methotrexate (including methotrexate sodium).  Methotrexate was used as the reference
drug in all comparisons.  The other non-DMARD anti-RA drugs, namely glucocorticoids,
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non-steroidal anti-inflammatory drugs (NSAIDS) and COX-2 inhibitors, were not used as
exposure but rather as covariates. 

Covariate information
Age, gender and the source of data (Protocare or Pharmetrics) were used as basic

covariates that define the study population.  The assessment of comorbid conditions was
based on diagnoses made during the observation period.  These included cardiovascular
disease (ICD-9: 391-400, 402-404, 410-429, 430-453), respiratory illness (ICD-9: 480-
519), diabetes (ICD-9: 250), hypertension (ICD-9: 401), hypercholesterolemia (ICD-9:
272.0), cancer(ICD-9: 140-208, 230-239), gastrointestinal conditions (ICD-9: 530-
537,555-558), vasculitis (ICD-9: 446.20,446.29,273.2,287,0) and CNS conditions (ICD-9:
320-389).  As mentioned above, non-DMARD drugs used for symptomatic relief, namely
glucocorticoids, NSAIDS and COX-2 inhibitors, were also used as covariates to control for
disease severity.

Data analysis
Total person-time of follow-up in the 2 cohorts was cumulated to estimate the rate of

adverse events for each endpoint, including the composite endpoint, under study. 
Conditional logistic regression was used with the nested case-control samples to estimate
the rate ratio of the different endpoints, including the composite, for any use of leflunomide,
newer DMARDS and other DMARDS, all relative to methotrexate monotherapy, during the
year prior to the index date.  Non-use of any DMARD during the one-year period was
accounted for in the analysis to maintain the same reference group across comparisons. 
Leflunomide exposure was further redefined in two ways.  First, current use of leflunomide
was defined by the last prescription prior to the index date being dispensed within 90 days
of the index date, while any other use during the year prior to the index date was
designated as past use.  Second, the use of leflunomide during the year prior to the index
date was separated as monotherapy or multitherapy if other DMARDs were dispensed at
any time during that year.  All analyses were adjusted for the concurrent use of other
DMARDS, the non-DMARDS, namely glucocorticoids, NSAIDS and COX-2 inhibitors, as
well as age, gender and co-morbidity. 

RESULTS
There were 96,738 subjects in the PharMetrics database and 32,063 in the

Protocare database with at least one occurrence of the diagnosis of rheumatoid arthritis
between January 1, 1998 and December 31, 2001.  After excluding subjects who were not
dispensed a DMARD, who had less than three months of eligibility in the health insurance
plan prior to cohort entry, or with outcome of interest prior to cohort entry, the PharMetrics
cohort comprised 33,009 subjects who received a DMARD after September 1, 1998,
while the Protocare cohort had 8,876 subjects.  The characteristics of the subjects at
cohort entry are displayed in Table 1 for both cohorts.  Subjects from the Protocare cohort
were 10 years older than those from the Pharmetrics cohort.

The PharMetrics cohort was followed for a total of 39,286 person-years, while the
Protocare cohort had 12,029 person-years of follow-up.  There were 463 cases of serious
adverse events from all causes in the two combined cohorts, 295 in Pharmetrics and 168
in Protocare.  Table 2 shows that the rate of any such adverse event was 75 per 10,000

p00258



6

per year in the Pharmetrics cohort and 140 per 10,000 per year in the older Protocare
cohort.  Rates are also given for specific events.  Of note is the small number of severe
skin reactions, pneumonitis and lymphomas.

Table 3 provides descriptive information for these cases and their respective
controls in both cohorts.  Overall, the cases in the Protocare cohort are more than 10 years
older than in the Pharmetrics cohort.  Follow-up in the Protocare cohort was also longer,
371 days compared to 302 days in the Pharmetrics cohort.  The majority of subjects with
rheumatoid arthritis were women.  A significant proportion of patients had been dispensed
glucocorticoids during the year prior to the index date and this was more likely to have
occurred among cases than controls in both cohorts.  Comorbidity was common and more
so among subjects in the Protocare cohort, who were older, and more common in case
patients than control patients in both cohorts.  The principal comorbidities during the year
prior to the index date were cardiovascular diseases, hypertension, CNS complaints,
respiratory diseases and diabetes.  

Table 4 presents adjusted rate ratios of the combined outcome of any adverse
event requiring hospitalisation for disease modifying anti-rheumatoid arthritis drugs
compared with the use of methotrexate as the only disease modifying drug.  Overall, in the
Pharmetrics cohort there was an increase in the risk of any such adverse event for
biological DMARDS (RR 1.8).  There was no statistically significant increase in the risk of
all adverse events combined in either of the cohorts with leflunomide.  An exception was
with the past use of this medication, as measured by use during the 9-month period
preceding the last 90 days prior to the index date.  This excess risk with past use of
leflunomide was present in both databases. 

When examining the risk of serious hepatic events requiring hospitalisation, the
number of cases was low so that 100 controls per case had to be selected.  In the
Pharmetrics cohort, none of the 11 cases of these hepatic events were exposed to
leflunomide and only 2 of the 14 in the Protocare cohort (Table 5).  When combining the
two cohorts, there is a suggestion of an increased risk of hepatic events requiring
hospitalisation with the use of biological DMARDS (RR 5.4; 95% CI: 1.2-24.7) and
possibly with the other DMARDS (RR 2.3) as compared to the risk for patients receiving
methotrexate as the only disease modifying anti-rheumatoid arthritis drug. 

 When addressing the risk of hematological adverse events requiring
hospitalisation (Table 6), the numbers of cases were relatively small (88 and 50 cases in
the Pharmetrics and Protocare cohorts, respectively) and therefore required 100 controls
per case.  Considering the cohorts together, all rate ratios were below 1.0 for leflunomide. 
There was also no excess risk demonstrable for biological DMARDS or other DMARDS .

In examining the risk of pancreatic events requiring hospitalisation (Table 7), here
again the limited number of cases (46 and 38 cases in the Pharmetrics and Protocare
cohorts, respectively) justified the use of 100 controls per case.  Past use of leflunomide
appears associated, although not significantly so, with an increased risk compared with
the use Methotrexate as the only disease modifying agent.  An increase in risk of similar
size was seen with biological DMARDS. 

For the risk of opportunistic infections and septicemia requiring hospitalisation
(Table 8) there was no statistically significant increase in risk  for any or past use of
leflunomide when the cohorts were combined.  The use of biological DMARDS was
associated with a two-fold increase in risk of opportunistic infections and septicemia
requiring hospitalisation. Given that severe opportunistic infections and septicemia would
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be expected to result in hospitalisation, we did not examine such events in the absence of
a hospitalisation.   

The incidence of severe skin reactions was extremely small, with only 3 cases
requiring hospitalisation, none of which used leflunomide, so that no analyses could be
carried out (Table 9).  Interstitial pneumonias (pneumonitis) requiring hospitalisation
occurred in insufficient numbers (12 cases overall) to allow an analysis of the risk in
association with use of disease modifying medications, although one case was exposed
to leflunomide (Table 10).  Similarly, among the 5 lymphoma cases, none occurred among
subjects on leflunomide, while too few cases were seen amongst patients prescribed 
methotrexate only, biological DMARDS, or other DMARDS to allow any analyses (Table
11).

Appendix B provides these tables separately for the two cohorts, as well as
combined.  The similarity of findings in the two cohorts justifies the combined analysis. 

Similar findings were observed when examining the risk of these adverse events
without requiring the need for hospitalisation (see Appendix C).  Only for pancreatic events
not requiring hospitalisation (Table C.11) was leflunomide associated with a 70% increase
in risk, slightly more marked with monotherapy and past use. For this same outcome, there
was an approximately 50% increase in risk for biological DMARDS and other DMARDS
with only the latter achieving statistical significance when combining the two cohorts.  

DISCUSSION
In two large cohorts of patients with rheumatoid arthritis treated with a DMARD, we

did not find an excess risk of adverse events among users of leflunomide, particularly the
current users, relative to  users of methotrexate as monotherapy

When examining specific adverse events, the number of events where
hospitalisation occurred was too small to produce informative analyses for severe skin
reactions, interstitial pneumonias and lymphomas.  Except for one case of interstitial
pneumonia, however, no cases had been exposed to leflunomide.  For hepatic and
hematological events, pancreatitis and opportunistic infections and septicemia requiring
hospitalisation, the number of cases varied between 25 and 138 cases.  By increasing the
number of controls per case, we were able to increase the power and obtain stable risk
estimates.  For hepatic adverse events and opportunistic infections and septicemia
requiring hospitalisation, no risk was found with leflunomide.  For hematological events
and pancreatitis, there was a small increase in risk with leflunomide, although the risk was
mostly limited to past users.

The finding of a 70% increase in the risk of all adverse events combined with past
use of leflunomide, mostly observed for hematological events and pancreatitis, is likely an
artifact.  We believe it most probably represents cessation of the drug by patients or their
physician because of approaching adverse events that were recognized.  Even for very
acute events, note that while past use is defined by the date of the last drug being
dispensed more than 90 days before the index date, its use could have continued into that
90-day period and stopped close to the index date.  Moreover, the increase observed with
past use is compensated by a rate ratio for current use lower than unity.  For these
reasons, the evaluation of the risk using the one-year period prior to the index date is a
more reliable approach that is less likely to be influenced by such actions.   Alternatively, of
course, this higher rate with past use with borderline statistical significance (RR 1.7; 95%
CI: 1.0-2.9) could also simply be due to random error.
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We found an 80% increase in the risk of all adverse events requiring hospitalisation
associated with the use of biological DMARDs, although this risk was attenuated when the
case definition did not require hospitalisation.  For hepatic and hematological events,
pancreatitis, opportunistic infections and septicemia, we found an increase in risk with
biological DMARDS.  This small but systematic increase in the risk of all these events was
not the object of the current study but requires further investigation.  In particular, it should
be noted that no analyses were planned or conducted for specific patterns of use for
biological DMARDS; such as past use or multitherapy.  In any case, such analyses would
not have been possible for biological DMARDS because of their later introduction on the
market and the small number of subjects that were prescribed these medications in this
study.  Nevertheless, future research should address these adverse effects.

 The current study has several limitations.  Firstly, the number of certain adverse
events was small, so that it was not possible to study events such as severe skin reactions,
interstitial pneumonias and lymphomas.  We clearly had sufficient power (80%), however,
to detect a rate ratio of 1.5 with leflunomide use for the combined outcome of any adverse
event requiring hospitalisation and a rate ratio of 1.2 without requiring hospitalisation.  The
power was also sufficient to detect a rate ratio of 1.5 for hepatitis without requiring
hospitalisation and hematological events not requiring hospitalisation.  However, for
hepatitis requiring hospitalisation, the study only had sufficient power to detect rate ratios
of 5 or more.  For pancreatitis requiring hospitalisation, rate ratios of 2.5 could be
detected from our study.  Finally, for hematological events and opportunistic infections and
septicemia requiring hospitalisation, as well as for pancreatitis not requiring
hospitalisation, rate ratios of 2 could be detected with 80% power.  Thus, overall, this study
provides high confidence in excluding a doubling of the risk of most adverse events, and
particularly the combined outcome, associated with leflunomide use.  The only exceptions
are pancreatitis and hepatitis both requiring hospitalisation for which the study can only
provide assurance for rate ratios of 2.5 and 5 respectively.  A strength of the study that
serves to validate the results is the use of two independent cohorts and the marked
consistency of findings across the two cohorts.  In addition, the various populations
represented in the cohorts including Medicaid, Medicare, private health maintenance
organizations and preferred provider organizations and over 40 different managed care
organizations provide further consistency to the findings.

Because of the relatively short duration of follow-up, it was unfeasible to evaluate
long-term effects of these drugs.  Nevertheless, the cohorts had an average follow-up of
around one year and up to three years.  Moreover, by extending the follow-up to December
2001, the study included the most recent available data to assess the safety of
leflunomide.  In this study, we could not verify the validity of the diagnoses used to identify
adverse events.  The differences in the incidence of these events in the two cohorts (8.9
versus 18.9 per 1000 for Pharmetrics and Protocare respectively) could suggest that the
diagnostic criteria used were not uniform in the two cohorts.  However, age alone may
explain these differences.  In fact, a strong element of validation of the diagnoses is the
marked uniformity in the results across the two cohorts for all adverse events.  A further
limitation of our study is the possibility of residual confounding.  The associations between
adverse events and the various medications used may have been attenuated or increased
if physicians prescribed certain of these medications in subset of patients with or without
risk factors for these adverse events.  For instance, biological DMARDS may have been
preferentially prescribed to subjects with known susceptibility for liver disease.  We
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attempted to reduce this form of confounding by restricting the analyses to cases and
controls who did not have the adverse event under study prior to cohort entry.  We also
adjusted for co-morbidity that could confound these risk estimates.

In conclusion, in this large bi-cohort study, we did not find an excess risk of serious
adverse events with the use of leflunomide relative to methotrexate in patients with
rheumatoid arthritis treated with a DMARD.  The small but systematic increase in risk
observed with biological DMARDS requires further investigation. 
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Table 1

Characteristics of subjects at cohort entry

Pharmetrics
(n=33,009)

Protocare
(n=8,876)

Follow-up (mean in days) 436 499

Age (mean in years) 49 59

Gender (% male) 24% 24%

DMARD at cohort entry:

Methotrexate 45% 56%

Leflunomide 7% 6%

Biologic DMARDS 5% 1%

Other DMARDS 43% 37%

Leflunomide use at any time
during follow-up 16% 14%
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Table 2 

Overall rates (per 10,000 per year) of serious adverse events under study
for the Pharmetrics and Protocare cohorts separately and combined

Pharmetrics
(39,285.8 

person-years)

Protocare
(12,029.2 

person-years)

Combined
(51,315.0 

person-years)

Number Rate Number Rate Number Rate

Any event 295 75.09 168 139.66 463 90.23

Hepatic 11 2.80 14 11.64 25 4.87

Hematologic 88 22.40 50 41.57 138 26.89

Pancreatic 46 11.71 38 31.59 84 16.37

Opportunistic infections
   and septicemia

153 38.95 62 51.54 215 41.90

Severe skin reactions 3 0.76 0 0.00 3 0.58

Pneumonitis 3 0.76 9 7.48 12 2.34

Lymphoma 3 0.76 2 1.66 5 0.97
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Table 3

Comparison of cases of any serious adverse event and controls 
on characteristics, concurrent other drug use and co-morbidity 

from the Pharmetrics and Protocare cohorts 

Pharmetrics Protocare

Cases Controls Cases Controls

Number 295 2950 168 1680

Age 53 ± 12 50 ± 11 64 ± 13 61 ± 14

Follow-up (days) 302 ± 257 302 ± 256 372 ± 248 371 ± 247

Gender (% male) 22% 24% 19% 22%

Other RA drugs

    NSAIDs 29% 39% 34% 43%

    Cox-2 inhibitors 23% 22% 14% 13%

    Glucocorticoids 40% 28% 38% 31%

Concurrent diseases

    Cardiovascular 40% 17% 62% 25%

    Respiratory 42% 17% 51% 19%

    Diabetes 17% 8% 24% 13%

    Hypertension 27% 18% 15% 13%

    Hypercholesterolemia 9% 11% 21% 18%

    Cancer 20% 8% 26% 12%

    Gastrointestinal 22% 11% 27% 17%

    CNS conditions 49% 37% 45% 34%

    Vasculatis <1% <1% <1% <1%
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Table 4

Crude and adjusted rate ratios of any serious adverse event
for newer DMARDs relative to methotrexate monotherapy

from the combined cohorts

DMARD use in the
   prior year

Cases
(n=463)

Controls 
(n=4630)

Crude 
RR

Adjusted* 
RR          95% CI

Methotrexate only 158 1771 1.0 1.0       Reference

Leflunomide 53 554 1.1 1.1           0.7-1.5

     Monotherapy 26 268 1.1 1.0           0.6-1.6

     Multitherapy 27 286 1.1 1.1           0.7-1.7

     Current use 32 416 0.9 0.8           0.6-1.3

     Past use 21 138 1.7 1.7           1.0-2.9

Biologic DMARDS 37 298 1.4 1.8           1.2-2.7

Other DMARDS 184 1729 1.2 1.2           0.9-1.5

         *   Adjusted for age, gender, cohort, non use of DMARDs in the year prior
  to the index date, use of NSAIDS, COX-2 inhibitors, glucocorticoids 
  and co-morbidity.
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Table 5

Crude and adjusted rate ratios of serious hepatic events
for newer DMARDs relative to methotrexate monotherapy

DMARD use in the
   prior year

Cases
(n=25)

Controls 
(n=2500)

Crude 
RR

Adjusted* 
RR             95% CI

Methotrexate only 7 989 1.0 1.0        Reference

Leflunomide 2 270 1.1 0.9           0.2-4.9

     Monotherapy 0 117 0.0 0.0              ne

     Multitherapy 2 153 1.9 1.6           0.3-8.7

     Current use 0 194 0.0 0.0               ne

     Past use 2 76 3.8 2.6           0.4-15.5

Biologic DMARDS 4 128 5.2 5.4           1.2-24.7

Other DMARDS 12 911 1.9 2.3           0.8-6.6

         *   Adjusted for age, gender, cohort, non use of DMARDs in the year prior
  to the index date, use of NSAIDS, COX-2 inhibitors, glucocorticoids 
  and co-morbidity.
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Table 6

Crude and adjusted rate ratios of serious hematologic events
for newer DMARDs relative to methotrexate monotherapy

DMARD use in the
   prior year

Cases
(n=138)

Controls
(n=13684)

Crude 
RR

Adjusted* 
RR           95% CI

Methotrexate only 62 5250 1.0 1.0       Reference

Leflunomide 17 1624 0.9 0.8           0.5-1.5

     Monotherapy 8 785 0.9 0.8           0.3-1.6

     Multitherapy 9 839 0.9 0.9           0.4-1.9

     Current use 13 1210 0.9 0.9           0.5-1.7

     Past use 4 414 0.8 0.7           0.2-1.9

Biologic DMARDS 10 814 1.1 1.2           0.6-2.4

Other DMARDS 40 5059 0.7 0.7           0.5-1.0

         *   Adjusted for age, gender, cohort, non use of DMARDs in the year prior
  to the index date, use of NSAIDS, COX-2 inhibitors, glucocorticoids 
  and co-morbidity.
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Table 7

Crude and adjusted rate ratios of serious pancreatitis events
for newer DMARDs relative to methotrexate monotherapy

DMARD use in the
   prior year

Cases
(n=84)

Controls
(n=8394)

Crude 
RR

Adjusted* 
RR          95% CI

Methotrexate only 25 3152 1.0 1.0      Reference

Leflunomide 11 996 1.4 1.5           0.7-3.1

     Monotherapy 6 461 1.7 1.7           0.7-4.2

     Multitherapy 5 535 1.2 1.3           0.5-3.5

     Current use 6 730 1.1 1.1           0.5-2.8

     Past use 5 266 2.5 2.4           0.9-6.5

Biologic DMARDS 8 542 2.0 2.2           1.0-5.3

Other DMARDS 31 3089 1.3 1.4           0.8-2.4

         *   Adjusted for age, gender, cohort, non use of DMARDs in the year prior
  to the index date, use of NSAIDS, COX-2 inhibitors, glucocorticoids 
  and co-morbidity.
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Table 8

Crude and adjusted rate ratios of serious opportunistic infections & septicemia events
for newer DMARDs relative to methotrexate monotherapy

DMARD use in the
   prior year

Cases
(n=215)

Controls
(n=7729)

Crude 
RR

Adjusted* 
RR          95% CI

Methotrexate only 63 3224 1.0 1.0      Reference

Leflunomide 25 888 1.1 0.9           0.6-1.6

     Monotherapy 12 452 1.0 0.8           0.4-1.6

     Multitherapy 13 436 1.2 1.1           0.6-2.1

     Current use 14 638 0.9 0.7           0.4-1.4

     Past use 11 250 1.9 1.4           0.7-2.9

Biologic DMARDS 18 197 1.5 2.0           1.1-3.6

Other DMARDS 95 2958 1.3 1.2           0.9-1.7

         *   Adjusted for age, gender, cohort, non use of DMARDs in the year prior
  to the index date, use of NSAIDS, COX-2 inhibitors, glucocorticoids 
  and co-morbidity.
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Table 9

Frequency of severe skin reactions
for newer DMARDs and methotrexate monotherapy

(Rate ratios are not estimable)

DMARD use in the prior year

Cases
(n=3)

Controls
(n=30)

Methotrexate only 0 10

Leflunomide 0 3

     Monotherapy 0 2

     Multitherapy 0 1

     Current use 0 2

     Past use 0 1

Biologic DMARDS 0 2

Other DMARDS 3 15
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Table 10

Frequency of pneumonitis 
for newer DMARDs and methotrexate monotherapy

(Rate ratios are not estimable)

DMARD use in the prior year

Cases
(n=12)

Controls
(n=120)

Methotrexate only 4 52

Leflunomide 1 13

     Monotherapy 1 4

     Multitherapy 0 9

     Current use 1 7

     Past use 0 6

Biologic DMARDS 0 4

Other DMARDS 6 40
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Table 11

Frequency of lymphoma 
for newer DMARDs and methotrexate monotherapy

(Rate ratios are not estimable)

DMARD use in the prior year

Cases
(n=5)

Controls
(n=50)

Methotrexate only 0 14

Leflunomide 0 8

     Monotherapy 0 3

     Multitherapy 0 5

     Current use 0 4

     Past use 0 4

Biologic DMARDS 1 4

Other DMARDS 3 18
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Appendix A

Endpoint Definitions
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Hepatic Events,requiring hospitalization
Acute or Subacute Liver Necrosis (ICD-9CM : 570) 
Cirrhosis of liver without mention of alcohol (ICD-9CM 571.5)
Hepatitis, Noninfectious Toxic (ICD-9CM : 573.3)
Hepatic Coma (ICD-9CM : 572.2)

Hematologic,requiring hospitalization
284.8 Other specified aplastic anemias

Aplastic anemia (due to):
chronic systemic disease
drugs
infection
radiation
toxic (paralytic)
Pancytopenia (acquired)
Red cell aplasia (acquired) (adult) (pure) (with thymoma)

284.9 Aplastic anemia, unspecified Anemia:
aplastic (idiopathic) NOS
aregenerative
hypoplastic NOS
nonregenerative
refractory
Medullary hypoplasia 

287.4 Secondary thrombocytopenia
Posttransfusion purpura
Thrombocytopenia due to:
Dilutional
Drugs
Extracorporeal circulation of blood
Platelet alloimmuinzation

288.0 Agranulocytosis

Severe Skin Reactions,requiring hospitalization
695.1 Erythema multiforme

Erythema iris
Herpes iris
Lyell's syndrome
Scalded skin syndrome
Stevens-Johnson syndrome
Toxic epidermal necrolysis

Hypertension,requiring hospitalization
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401.0 Malignant Essential hypertension 
401.9 Unspecified Elevated blood pressure

Vasculitis
446.20 Hypersensitivity angiitis
446.29 Other specified hypersensitivity angiitis
273.2 Other paraproteinemias: cryglobulinemic purpura or vasculitis
287.0 Allergic purpura

Pneumonitis
495.9 Unspecified allergic alveolitis and pneumonitis
515 Post-inflammatory pulmonary fibrosis
516.8 Other specified alveolar and parietoalveolar pneumonopathies

in conjunction with:
32.28 lung biopsy (open)
32.37 lung biopsy (closed)

Pancreatitis,requiring hospitalization
577.0 Acute pancreatitis

Abscess of pancreas
Necrosis of pancreas:
acute
infective
Pancreatitis:
NOS
acute (recurrent)
apoplectic
hemorrhagic
subacute
suppurative

Lymphoma
202 Other malignant neoplasms of lymphoid and histiocytic tissue

Opportunistic Infections & Septicemia
010-018 tuberculosis
031 diseases due to mycobacteria
038 septicemia
136.3 pneumocystosis
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APPENDIX B

COMPARATIVE RESULTS BY COHORT AND COMBINED
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Table B.1

Crude and adjusted rate ratios of any serious adverse event
for newer DMARDs relative to methotrexate monotherapy

PHARMETRICS PROTOCARE COMBINED

DMARD use in the
   prior year

Cases
(n=295)

Controls
(n=2950)

Crude 
RR

Adjusted* RR
(95% CI)

Cases
(n=168)

Controls
(n=1680)

Crude 
RR

Adjusted* RR 
(95% CI)

Cases
(n=463)

Controls
(n=4630)

Crude 
RR

Adjusted* RR
 (95% CI)

Methotrexate only 77 975 1.0 Reference 81 796 1.0 Reference 158 1771 1.0 Reference

Leflunomide 35 384 1.2 1.1 (0.7-1.7) 18 170 1.0 1.0 (0.6-1.9) 53 554 1.1 1.1 (0.7-1.5)

     Monotherapy 19 194 1.2 1.1 (0.7-2.0) 7 74 0.9 0.9 (0.4-2.1) 26 268 1.1 1.0 (0.6-1.6)

     Multitherapy 16 190 1.1 1.1 (0.6-2.0) 11 96 1.1 1.2 (0.6-2.5) 27 286 1.1 1.1 (0.7-1.7)

     Current use 20 293 0.9 0.8 (0.5-1.4) 12 123 1.0 0.9 (0.5-1.9) 32 416 0.9 0.8 (0.6-1.3)

     Past use 15 91 2.1 2.0 (1.1-3.8) 6 47 1.3 1.3 (0.5-3.6) 21 138 1.7 1.7 (1.0-2.9)

Biologic DMARDS 35 286 1.6 1.9 (1.2-3.0) 2 12 1.7 1.6 (0.3-8.6) 37 298 1.4 1.8 (1.2-2.7)

Other DMARDS 127 1148 1.4 1.4 (1.0-1.9) 57 581 1.0 1.0 (0.7-1.5) 184 1729 1.2 1.2 (0.9-1.5)

         *   Adjusted for age, gender, non use of DMARDs in the year prior to the index date, use of NSAIDS, COX-2 inhibitors, glucocorticoids 
   and co-morbidity.
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Table B.2

Crude and adjusted rate ratios of any hepatic event
for newer DMARDs relative to methotrexate monotherapy

PHARMETRICS PROTOCARE COMBINED

DMARD use in the
   prior year

Cases
(n=11)

Controls
(n=1100)

Crude 
RR

Adjusted* RR
(95% CI)

Cases
(n=14)

Controls
(n=1400)

Crude 
RR

Adjusted* RR 
(95% CI)

Cases
(n=25)

Controls(
n=2500)

Crude 
RR

Adjusted* RR
 (95% CI)

Methotrexate only 2 364 1.0 Reference 5 625 1.0 Reference 7 989 1.0 Reference

Leflunomide 0 117 0.0 0.0 (ne) 2 153 1.6 1.8 (0.3-11.8) 2 270 1.1 0.9 (0.2-4.9)

     Monotherapy 0 56 0.0 0.0 (ne) 0 61 0.0 0.0 (ne) 0 117 0.0 0.0 (ne)

     Multitherapy 0 61 0.0 0.0 (ne) 2 92 2.8 3.5(0.5-23.0) 2 153 1.9 1.6(0.3-8.7)

     Current use 0 81 0.0 0.0 (ne) 0 113 0.0 0.0 (ne) 0 194 0.0 0.0 (ne)

     Past use 0 36 0.0 0.0 (ne) 2 40 6.4 15.0 (2.2-103.6) 2 76 3.8 2.6 (0.4-15.5)

Biologic DMARDS 2 119 3.0 3.6 (0.4-35.5) 2 9 35.0 34.0(2.5-471.3) 4 128 5.2 5.4 (1.2-24.7)

Other DMARDS 7 401 3.2 4.4 (0.8-25.6) 5 510 1.3 1.5 (0.3-6.4) 12 911 1.9 2.3 (0.8-6.6)

         *   Adjusted for age, gender, non use of DMARDs in the year prior to the index date, use of NSAIDS, COX-2 inhibitors, glucocorticoids 
   and co-morbidity.
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Table B.3

Crude and adjusted rate ratios of any hematologic event
for newer DMARDs relative to methotrexate monotherapy

PHARMETRICS PROTOCARE COMBINED

DMARD use in the
   prior year

Cases
(n=88)

Controls
(n=8795)

Crude 
RR

Adjusted* RR
(95% CI)

Cases
(n=50)

Controls
(n=4889)

Crude 
RR

Adjusted* RR 
(95% CI)

Cases
(n=138)

Controls
(n=13684)

Crude 
RR

Adjusted* RR
 (95% CI)

Methotrexate only 34 2965 1.0 Reference 28 2285 1.0 Reference 62 5250 1.0 Reference

Leflunomide 11 1096 0.9 0.8(0.4-1.7) 6 528 0.9 0.8 (0.3-2.1) 17 1624 0.9 0.8 (0.5-1.5)

     Monotherapy 6 539 1.0 0.9 (0.4-2.2) 2 246 0.7 0.5 (0.1-2.2) 8 785 0.9 0.8 (0.3-1.6)

     Multitherapy 5 557 0.8 0.8 (0.3-2.1) 4 282 1.2 1.2 (0.4-3.6) 9 839 0.9 0.9 (0.4-1.9)

     Current use 8 815 0.9 0.9 (0.4-1.9) 5 395 1.1 0.9 (0.3-2.5) 13 1210 0.9 0.9 (0.5-1.7)

     Past use 3 281 0.9 0.8 (0.2-2.7) 1 133 0.6 0.5 (0.1-4.0) 4 414 0.8 0.7 (0.2-1.9)

Biologic DMARDS 9 769 1.0 1.1 (0.5-2.5) 1 45 1.9 2.0(0.2-18.6) 10 814 1.1 1.2 (0.6-2.4)

Other DMARDS 27 3367 0.7 0.7 (0.4-1.2) 13 1692 0.6 0.6 (0.3-1.2) 40 5059 0.7 0.7 (0.5-1.0)

         *   Adjusted for age, gender, non use of DMARDs in the year prior to the index date, use of NSAIDS, COX-2 inhibitors, glucocorticoids 
   and co-morbidity.
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Table B.4

Crude and adjusted rate ratios of any pancreatitis event
for newer DMARDs relative to methotrexate monotherapy

PHARMETRICS PROTOCARE COMBINED

DMARD use in the
   prior year

Cases
(n=46)

Controls
(n=4600)

Crude 
RR

Adjusted* RR
(95% CI)

Cases
(n=38)

Controls
(n=3794)

Crude 
RR

Adjusted* RR 
(95% CI)

Cases
(n=84)

Controls
(n=8394)

Crude 
RR

Adjusted* RR
 (95% CI)

Methotrexate only 8 1440 1.0 Reference 17 1712 1.0 Reference 25 3152 1.0 Reference

Leflunomide 5 634 1.5 1.5 (0.5-4.7) 6 362 1.7 1.7 (0.7-4.7) 11 996 1.4 1.5 (0.7-3.1)

     Monotherapy 4 328 2.2 2.2 (0.6-7.5) 2 133 1.5 1.6 (0.3-7.4) 6 461 1.7 1.7 (0.7-4.2)

     Multitherapy 1 306 0.6 0.7 (0.1-5.5) 4 229 1.8 1.8 (0.6-5.8) 5 535 1.2 1.3 (0.5-3.5)

     Current use 2 470 0.8 0.8 (0.2-3.8) 4 260 1.6 1.7 (0.6-5.5) 6 730 1.1 1.1 (0.5-2.8)

     Past use 3 164 3.6 3.9 (1.0-15.6) 2 102 2.0 1.7 (0.4-8.0) 5 266 2.5 2.4 (0.9-6.5)

Biologic DMARDS 8 485 3.2 3.3 (1.2-9.3) 0 57 0.0 0.0(ne) 8 542 2.0 2.2 (1.0-5.3)

Other DMARDS 20 1749 2.1 2.2(0.9-5.0) 11 1340 0.8 0.9 (0.4-2.0) 31 3089 1.3 1.4 (0.8-2.4)

         *   Adjusted for age, gender, non use of DMARDs in the year prior to the index date, use of NSAIDS, COX-2 inhibitors, glucocorticoids 
   and co-morbidity.
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Table B.5

Crude and adjusted rate ratios of any opportunistic infections & septicemia event
for newer DMARDs relative to methotrexate monotherapy

PHARMETRICS PROTOCARE COMBINED

DMARD use in the
   prior year

Cases
(n=153)

Controls
(n=1530)

Crude 
RR

Adjusted* RR
(95% CI)

Cases
(n=62)

Controls
(n=6199)

Crude 
RR

Adjusted* RR 
(95% CI)

Cases
(n=215)

Controls
(n=7729)

Crude 
RR

Adjusted* RR
 (95% CI)

Methotrexate only 33 491 1.0 Reference 30 2733 1.0 Reference 63 3224 1.0 Reference

Leflunomide 21 199 1.6 1.3 (0.7-2.5) 4 689 0.5 0.5  (0.2-1.4) 25 888 1.1 0.9 (0.6-1.6)

     Monotherapy 10 106 1.4 1.0 (0.5-2.3) 2 346 0.5 0.5 (0.1-2.2) 12 452 1.0 0.8 (0.4-1.6)

     Multitherapy 11 93 1.8 1.7 (0.8-3.8) 2 343 0.5 0.5 (0.1-2.0) 13 436 1.2 1.1 (0.6-2.1)

     Current use 11 150 1.1 1.0 (0.4-2.1) 3 488 0.6 0.5 (0.2-1.8) 14 638 0.9 0.7 (0.4-1.4)

     Past use 10 49 3.2 2.4 (1.0-5.8) 1 201 0.5 0.4 (0.1-3.0) 11 250 1.9 1.4 (0.7-2.9)

Biologic DMARDS 18 139 2.0 2.8 (1.4-5.5) 0 58 0.0 0.0 (ne) 18 197 1.5 2.0 (1.1-3.6)

Other DMARDS 72 627 1.7 1.6(1.0-2.6) 23 2331 0.9 0.9 (0.5-1.5) 95 2958 1.3 1.2 (0.9-1.7)

         *   Adjusted for age, gender, non use of DMARDs in the year prior to the index date, use of NSAIDS, COX-2 inhibitors, glucocorticoids 
   and co-morbidity.
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Table B.6

Frequency of severe skin reactions
for newer DMARDs and methotrexate monotherapy

(Rate ratios not estimable)

PHARMETRICS PROTOCARE COMBINED

DMARD use in the
   prior year

Cases
(n=3)

Controls
(n=30)

Cases
(n=0)

Controls
(n=0)

Cases
(n=3)

Controls
(n=30)

Methotrexate only 0 10 0 0 0 10

Leflunomide 0 3 0 0 0 3

     Monotherapy 0 2 0 0 0 2

     Multitherapy 0 1 0 0 0 1

     Current use 0 2 0 0 0 2

     Past use 0 1 0 0 0 1

Biologic DMARDS 0 2 0 0 0 2

Other DMARDS 3 15 0 0 3 15
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Table B.7

Frequency of pneumonitis
for newer DMARDs and methotrexate monotherapy

(Rate ratios not estimable)

PHARMETRICS PROTOCARE COMBINED

DMARD use in the
   prior year

Cases
(n=3)

Controls
(n=30)

Cases
(n=9)

Controls
(n=90)

Cases
(n=12)

Controls
(n=120)

Methotrexate only 1 13 3 39 4 52

Leflunomide 0 4 1 9 1 13

     Monotherapy 0 2 1 2 1 4

     Multitherapy 0 2 0 7 0 9

     Current use 0 3 1 4 1 7

     Past use 0 1 0 5 0 6

Biologic DMARDS 0 4 0 0 0 4

Other DMARDS 1 7 5 33 6 40
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Table B.8

Frequency of lymphoma
for newer DMARDs and methotrexate monotherapy

(Rate ratios not estimable)

PHARMETRICS PROTOCARE COMBINED

DMARD use in the
   prior year

Cases
(n=3)

Controls
(n=30)

Cases
(n=2)

Controls
(n=20)

Cases
(n=5)

Controls
(n=50)

Methotrexate only 0 8 0 6 0 14

Leflunomide 0 5 0 3 0 8

     Monotherapy 0 3 0 0 0 3

     Multitherapy 0 2 0 3 0 5

     Current use 0 2 0 2 0 4

     Past use 0 3 0 1 0 4

Biologic DMARDS 1 3 0 1 1 4

Other DMARDS 1 8 2 10 3 18
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APPENDIX C

RESULTS OF ADVERSE EVENTS DEFINED
WITHOUT REQUIREMENT OF HOSPITALISATION

(EXPANDED DEFINITION)
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Table C.1

Crude and adjusted rate ratios of any adverse event
for newer DMARDs relative to methotrexate monotherapy

(EXPANDED DEFINITION)

PHARMETRICS PROTOCARE COMBINED

DMARD use in the
prior year

Cases
(n=1118)

Controls
(n=11180)

Crude 
RR

Adjusted* RR
(95% CI)

Cases
(n=361)

Controls
(n=3610)

Crude 
RR

Adjusted* 
RR 

(95% CI)

Cases
(n=463)

Controls
(n=4630)

Crude 
RR

Adjusted* RR
 (95% CI)

Methotrexate only 311 3757 1.0 Reference 167 1677 1.0 Reference 478 5434 1.0 Reference

Leflunomide 171 1566 1.3 1.3 (1.0-1.6) 44 370 1.2 1.2 (0.8-1.7) 215 1936 1.3 1.2 (1.0-1.5)

     Monotherapy 85 881 1.2 1.1 (0.9-1.4) 18 182 1.0 0.9 (0.5-1.5) 103 1063 1.1 1.0 (0.8-1.3)

     Multitherapy 86 685 1.5 1.5 (1.1-1.9) 26 188 1.4 1.4 (0.9-2.3) 112 873 1.5 1.5 (1.2-1.8)

     Current use 123 1271 1.2 1.1 (0.9-1.4) 28 267 1.1 1.0 (0.7-1.6) 151 1538 1.1 1.1 (0.9-1.3)

     Past use 48 295 2.0 1.8 (1.3-2.5) 16 103 1.6 1.4 (0.8-2.5) 64 398 1.9 1.7 (1.2-2.2)

Biologic DMARDS 117 998 1.4 1.4 (1.1-1.8) 4 34 1.2 1.5 (0.5-4.6) 121 1032 1.4 1.4 (1.1-1.7)

Other DMARDS 460 4330 1.3 1.2 (1.1-1.4) 125 1304 1.0 1.0 (0.7-1.3) 585 5634 1.2 1.2 (1.0-1.3)

         *   Adjusted for age, gender, non use of DMARDs in the year prior to the index date, use of NSAIDS, COX-2 inhibitors, glucocorticoids 
   and co-morbidity.
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Table C.2

Crude and adjusted rate ratios of any hepatic event
for newer DMARDs relative to methotrexate monotherapy

(EXPANDED DEFINITION)

PHARMETRICS PROTOCARE COMBINED

DMARD use in the
   prior year

Cases
(n=332)

Controls
(n=3320)

Crude 
RR

Adjusted* RR
(95% CI)

Cases
(n=90)

Controls
(n=8886)

Crude 
RR

Adjusted* RR 
(95% CI)

Cases
(n=422)

Controls
(n=12206)

Crude 
RR

Adjusted* RR
 (95% CI)

Methotrexate only 93 1041 1.0 Reference 45 4073 1.0 Reference 138 5114 1.0 Reference

Leflunomide 45 499 1.0 1.0 (0.7-1.4) 11 874 1.1 1.0 (0.5-1.9) 56 1373 1.0 1.0 (0.7-1.3)

     Monotherapy 23 274 0.9 0.8 (0.5-1.4) 5 425 1.1 0.9 (0.4-2.3) 28 699 0.9 0.8 (0.5-1.3)

     Multitherapy 22 225 1.1 1.1 (0.7-1.9) 6 449 1.2 1.0 (0.4-2.5) 28 674 1.1 1.1 (0.7-1.7)

     Current use 32 387 0.9 0.9 (0.6-1.4) 6 633 0.8 0.7 (0.3-1.8) 38 1020 0.9 0.9 (0.6-1.3)

     Past use 13 112 1.3 1.0 (0.5-2.0) 5 241 1.9 1.5 (0.6-4.0) 18 353 1.4 1.2 (0.7-2.0)

Biologic DMARDS 38 283 1.5 1.6(1.1-2.5) 2 76 2.4 2.5(0.6-10.7) 40 359 1.5 1.6 (1.1-2.4)

Other DMARDS 146 1360 1.2 1.1 (0.9-1.5) 29 3325 0.8 0.7 (0.5-1.2) 175 4685 1.1 1.0 (0.8-1.3)

         *   Adjusted for age, gender, non use of DMARDs in the year prior to the index date, use of NSAIDS, COX-2 inhibitors, glucocorticoids 
   and co-morbidity.
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Table C.3

Crude and adjusted rate ratios of any hematologic event
for newer DMARDs relative to methotrexate monotherapy

(EXPANDED DEFINITION)

PHARMETRICS PROTOCARE COMBINED

DMARD use in the
   prior year

Cases
(n=533)

Controls
(n=5330)

Crude 
RR

Adjusted* RR
(95% CI)

Cases
(n=155)

Controls
(n=1550)

Crude 
RR

Adjusted* RR 
(95% CI)

Cases
(n=688)

Controls
(n=6880)

Crude 
RR

Adjusted* RR
 (95% CI)

Methotrexate only 165 1801 1.0 Reference 71 700 1.0 Reference 236 2501 1.0 Reference

Leflunomide 89 724 1.4 1.3 (1.0-1.8) 20 162 1.2 1.2 (0.7-2.2) 109 886 1.3 1.3 (1.0-1.7)

     Monotherapy 40 414 1.1 1.0 (0.7-1.5) 6 87 0.7 0.7 (0.3-1.7) 46 501 1.0 1.0 (0.7-1.4)

     Multitherapy 49 310 1.8 1.8 (1.2-2.5) 14 75 1.9 1.9 (1.0-3.9) 63 385 1.8 1.8 (1.3-2.4)

     Current use 66 561 1.3 1.3 (0.9-1.7) 12 113 1.0 1.1 (0.5-2.1) 78 674 1.2 1.2 (0.9-1.6)

     Past use 23 163 1.6 1.5 (1.0-2.5) 8 49 1.6 1.6 (0.7-3.8) 31 212 1.6 1.6 (1.0-2.4)

Biologic DMARDS 50 415 1.3 1.4 (1.0-2.0) 3 31 1.0 1.4 (0.4-4.9) 53 446 1.3 1.4 (1.0-1.9)

Other DMARDS 198 2156 1.0 1.0 (0.8-1.2) 51 556 0.9 0.9 (0.6-1.4) 249 2712 1.0 1.0 (0.8-1.2)

         *   Adjusted for age, gender, non use of DMARDs in the year prior to the index date, use of NSAIDS, COX-2 inhibitors, glucocorticoids 
   and co-morbidity.
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Table C.4

Crude and adjusted* rate ratios of any pancreatics event
for newer DMARDs relative to methotrexate monotherapy

(EXPANDED DEFINITION)

PHARMETRICS PROTOCARE COMBINED

DMARD use in the
   prior year

Cases
(n=110)

Controls
(n=1100)

Crude 
RR

Adjusted* RR
(95% CI)

Cases
(n=69)

Controls
(n=6850)

Crude 
RR

Adjusted* RR 
(95% CI)

Cases
(n=179)

Controls
(n=7950)

Crude 
RR

Adjusted* RR
 (95% CI)

Methotrexate only 21 354 1.0 Reference 30 3231 1.0 Reference 51 3585 1.0 Reference

Leflunomide 20 154 2.2 1.9 (1.0-3.8) 10 642 1.7 1.8 (0.9-3.9) 30 796 1.9 1.7 (1.0-2.8)

     Monotherapy 13 82 2.7 2.3 (1.1-4.9) 5 290 1.9 1.9 (0.7-5.2) 18 372 2.2 1.9 (1.1-3.5)

     Multitherapy 7 72 1.7 1.5 (0.6-3.8) 5 352 1.5 1.7 (0.7-4.6) 12 424 1.5 1.4 (0.7-2.9)

     Current use 15 125 2.1 1.9 (0.9-3.9) 7 443 1.7 1.8 (0.8-4.3) 22 568 1.8 1.7 (1.0-2.9)

     Past use 5 29 3.0 2.1(0.7-6.4) 3 199 1.6 1.8 (0.5-6.3) 8 228 2.2 1.8 (0.8-4.2)

Biologic DMARDS 12 104 2.0 2.0 (0.9-4.4) 0 76 0.0 0.0 (ne) 12 180 1.5 1.5 (0.8-3.1)

Other DMARDS 49 424 1.9 2.0 (1.2-3.5) 25 2454 1.1 1.2 (0.7-2.1) 74 2878 1.5 1.6 (1.1-2.3)

         *   Adjusted for age, gender, non use of DMARDs in the year prior to the index date, use of NSAIDS, COX-2 inhibitors, glucocorticoids 
   and co-morbidity.
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Table C.5

Crude and adjusted rate ratios of any skin reaction
for newer DMARDs relative to methotrexate monotherapy

(EXPANDED DEFINITION)

PHARMETRICS PROTOCARE COMBINED

DMARD use in the
   prior year

Cases
(n=30)

Controls
(n=2930)

Crude 
RR

Adjusted* RR
(95% CI)

Cases
(n=1)

Controls
(n=100)

Crude 
RR

Adjusted RR 
(95% CI)

Cases
(n=31)

Controls
(n=2940)

Crude 
RR

Adjusted* RR
 (95% CI)

Methotrexate only 7 1027 1.0 Reference 0 29 7 1056 1.0 Refence

Leflunomide 4 399 1.5 1.4 (0.4-4.9) 0 11 4 410 1.5 1.3 (0.4-4.7)

     Monotherapy 3 229 1.9 1.9 (0.5-7.8) 0 7 3 236 1.9 1.8 (0.4-7.3)

     Multitherapy 1 170 0.9 0.8 (0.1-6.4) 0 4 1 174 0.9 0.7 (0.1-6.3)

     Current use 4 336 1.8 1.6 (0.5-5.8) 0 6 4 342 1.8 1.6 (0.5-5.7)

     Past use 0 63 0.0 0.0 (ne) 0 5 0 68 0.0 0.0 (ne)

Biologic DMARDS 2 255 1.2 0.8 (0.1-4.5) 0 0 2 255 1.2 1.0 (0.2-5.0)

Other DMARDS 14 1167 1.8 1.6 (0.6-4.2) 1 49 15 1216 1.9 1.8 (0.7-4.4)

         *   Adjusted for age, gender, non use of DMARDs in the year prior to the index date, use of NSAIDS, COX-2 inhibitors, glucocorticoids 
   and co-morbidity.
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WKDW� WKHVH� GDWD� GR�QRW� UHIOHFW� DFWXDO� XVDJH� DQG� WKDW� WKH� UHSRUWLQJ� UDWHV� ZLOO� EH� FRQIXVHG� IRU

LQFLGHQFH�UDWHV����)XUWKHU��WKH�VSRQWDQHRXV�UHSRUWV�WKHPVHOYHV�DUH�VXEMHFW�WR�QXPHURXV�ELDVHV�

�����������������������������������������������
1�(YDQV�6-:��:DOOHU�3��'DYLV�6���3URSRUWLRQDO�UHSRUWLQJ�UDWLRV��WKH�XVHV�RI�HSLGHPLRORJLFDO�PHWKRGV�IRU�VLJQDO�JHQHUDWLRQ�

3KDUPDFRHSLGHPLRO�'UXJ�6DIHW\��������VXSSO����6����
2�(YDQV�6-:���3KDUPDFRYLJLODQFH��D�VFLHQFH�RU�ILHOGLQJ�HPHUJHQFLHV"��6WDW�0HG������������������
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IDOVH� VLJQDOV� PD\� EH� JHQHUDWHG� GXH� WR� WKH� DPELJXLW\� LQYROYHG� LQ� UHFRJQL]LQJ� $(V��� RQO\� D

IUDFWLRQ� RI� $(V� DUH� UHSRUWHG� DQG� WKLV� SURSRUWLRQ� LV� GLIILFXOW� WR� HVWLPDWH�� SK\VLFLDQ� ODFN� RI

DZDUHQHVV�RI�ERWK�WKH�YDOXH�DQG�WKH�UHTXLUHPHQWV�RI�UHSRUWLQJ��WKH�OHQJWK�RI�WLPH�WKH�GUXJ�RI

LQWHUHVW� LV� RQ� WKH� PDUNHW�� WKH� UHSRUWLQJ� HQYLURQPHQW�� DQG� WKH� HIIHFWV� RI� FKDQQHOLQJ�� LH�

GLIIHUHQWLDO�SUHVFULELQJ�GXH�WR�VHYHULW\�RI�GLVHDVH�

1RQHWKHOHVV��355�DQDO\VLV�LV�D�XVHIXO�VWDWLVWLFDO�WRRO��ZLGHO\�HPSOR\HG�E\�WKH�0HGLFLQHV�&RQWURO

$JHQF\��0&$��LQ�WKH�8.���,W�LV�FDOFXODWHG�XVLQJ�D���[���WDEOH��DV�IROORZV�

UHDFWLRQ�RI�LQWHUHVW DOO�RWKHU

UHDFWLRQV

GUXJ�RI�LQWHUHVW D E 0�

DOO�RWKHU�GUXJV F G 0�

1� 1� 1

355� LV� FDOFXODWHG� LQ� VHYHUDO� ZD\V�� � 2QH� ZD\� LV� D� UHODWLYH� ULVN� DSSURDFK�� LQ� ZKLFK� WKH� 355� LV

GHWHUPLQHG� DV� D��D� �� E�� GLYLGHG� E\� F��F� �� G��� � $� VHFRQG� ZD\�� ZKLFK� UHVXOWV� LQ� YHU\� VLPLODU

ILQGLQJV�� LV� WKH� %D\HVLDQ� (PSLULFDO� PHWKRG�� LQ� ZKLFK� 355� LV� FDOFXODWHG� DV� DQ� REVHUYHG� WR

H[SHFWHG�QXPEHU�RI� HYHQWV�� WKXV�� D�>�0�
1���1@�� � 7KLV� ODWWHU�PHWKRG� LV� WKH�RQH�XVHG� LQ� WKLV

UHSRUW���&ULWHULD�WR�LQWHUSUHW�WKH�355�FRPH�IURP�VHYHUDO�VRXUFHV�DQG�DUH�VLPLODU��D�PLQLPXP�RI

WKUHH�UHSRUWHG�FDVHV�DUH�QHHGHG��D�355�RI�DW�OHDVW���DQG�DQ�DVVRFLDWHG�;��RYHU���UHI��RU�D�355�RI

DW�OHDVW���DQG�DQ�DVVRFLDWHG�;��RYHU��UHI��DUH�FRQVLGHUHG�SRVVLEOH�VLJQDOV�

�����������������������������������������������
3�.RFK�:HVHU�-��6HOOHUV�(0��=DFHVW�5���7KH�DPELJXLW\�RI�DGYHUVH�GUXJ�UHDFWLRQV���(XU�-�&OLQ�3KDUPDFRO��������������
4�:LKROP�%�(��2OVVRQ�6��0RRUH�1��HW�DO���6SRQWDQHRXV�UHSRUWLQJ�V\VWHPV�RXWVLGH�WKH�86���,Q��6WURP�%��HGLWRU�

3KDUPDFRHSLGHPLRORJ\���UG�HGLWLRQ���-RKQ�:LOH\�	�6RQV��1HZ�<RUN���������SS��������
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2QH�ZD\� WR�DYRLG�SDUW�RI� WKH�KHWHURGHPLFLW\�ELDV�� �GLVFRUGDQW�QXPHUDWRUV�DQG�GHQRPLQDWRUV�

WKDW� PD\� EH� SUHVHQW� LQ� 355� DQDO\VLV� LV� WR� OLPLW� WKH� DQDO\VLV� WR� WKH� VDPH� WLPH� SHULRGV�� 7KLV

DSSURDFK�ZDV�XVHG�LQ�WKH�FXUUHQW�DQDO\VLV�

6SRQWDQHRXV�UHSRUW�GDWD�XVHG�DUH�OLPLWHG�LQ�WKDW�WKHUH�LV�QR�ZD\�WR�DVVHVV�WKH�LQGLFDWLRQ�IRU�D

SDUWLFXODU�GUXJ��VR� LQ�WKH�VLWXDWLRQ�ZKHUH�D�VSHFLILF�GUXJ�LV�XVHG�IRU�PRUH�WKDQ�RQH�FRQGLWLRQ

�HJ��DV�LV�WKH�FDVH�ZLWK�PHWKRWUH[DWH���WKHUH�LV�QR�ZD\�RI�DGMXVWLQJ�IRU�SRWHQWLDO�FRQIRXQGLQJ�E\

LQGLFDWLRQ���%HFDXVH�WKH�355�LV�DQDORJRXV�WR�WKH�SURSRUWLRQDWH�PRUWDOLW\�UDWLR��D�FRPPRQO\�XVHG

PHDVXUH� LQ� HSLGHPLRORJ\�� LW� VXIIHUV� IURP� D� VLPLODU� ZHDNQHVV�� LW� FDQ� VKRZ� ZLGH� IOXFWXDWLRQV

XQUHODWHG� WR� D� GUXJ·V� WUXH� DGYHUVH� HYHQW� SURILOH� DFFRUGLQJ� WR� ZKDW� LV� KDSSHQLQJ� ZLWK� D

FRPSDULVRQ�GUXJ·V�DGYHUVH�HYHQW�SURILOH�� � ,W� LV�� WKHUHIRUH��DOZD\V� LPSRUWDQW� WR� UHPHPEHU� WKDW

WKH� 355� UHSUHVHQWV� D� SURSRUWLRQ� DPRQJVW� DQ� DUUD\� RI� HYHQWV�� QRW� DQ� DFWXDO� RFFXUUHQFH� UDWH�

'HVSLWH�WKH�IODZV�LQKHUHQW�LQ�355��LW�FDQ�QHYHUWKHOHVV�EH�XVHG�WR�LQGLFDWH�WKH�UHODWLYH�PDJQLWXGH

RI�D�SUREOHP�ZLWK�D�JLYHQ�GUXJ�DW�D�SDUWLFXODU�WLPH�

7KH�WLPH�SHULRG�IRU�WKH�355�DQDO\VLV�ZDV���6HSWHPEHU������WKURXJK����-XQH��������5HSRUWHG

HYHQWV�IRU�OHIOXQRPLGH�ZHUH�FRPSDUHG�ZLWK�UHSRUWV�IRU�DOO�RWKHU�GUXJV�LQ�)'$·V�$(56�GDWDEDVH�

7KH�DQDO\VLV�XVHG�VRIWZDUH�IURP�4('�6ROXWLRQV��4VFDQ���DQG�WKH�355V�ZHUH�JHQHUDWHG�XVLQJ�WKH

%D\HVLDQ�(PSLULFDO�DSSURDFK��355V�XVLQJ�WKH�UHODWLYH�ULVN�DSSURDFK�ZHUH�YLUWXDOO\�LGHQWLFDO��

������������������������������������������������������������������������������������������������������������������������������������������������������
5�6WHSKHQV�0'%���&DXVDOLW\�DVVHVVPHQW�DQG�VLJQDO�UHFRJQLWLRQ���,Q��6WHSKHQV�0'%��7DOERW�-&&��5RXWOHGJH�3$��HGLWRUV�

'HWHFWLRQ�RI�QHZ�DGYHUVH�GUXJ�UHDFWLRQV���WK�HGLWLRQ���0DFPLOODQ��/RQGRQ���������SS���������
6�)HLQVWHLQ�$5���&OLQLFDO�HSLGHPLRORJ\��WKH�DUFKLWHFWXUH�RI�FOLQLFDO�UHVHDUFK���:%�6DXQGHUV��3KLODGHOSKLD������
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5HSRUWLQJ�UDWH�DQDO\VLV�ZDV�WKH�VHFRQG�PHWKRG�XVHG�WR�JHQHUDWH�VLJQDOV���7KLV�PHWKRG��ZKLFK

PLJKW� EH� GHVFULEHG� DV� GDWD�PLQLQJ�ZLWK� GHQRPLQDWRUV�� HPSOR\V� VSRQWDQHRXV� UHSRUW� GDWD� DV

QXPHUDWRUV��ZLWK�DOO�WKH�FDYHDWV�RXWOLQHG�DERYH��DQG�GUXJ�VSHFLILF�XVDJH�GDWD�DV�GHQRPLQDWRUV�

7KH� ODWWHU� ZHUH� REWDLQHG� IURP� ,06� VDOHV� ILJXUHV�� ZKLFK� ZHUH� FRQYHUWHG� LQWR� SHUVRQ�\HDU

H[SRVXUH� XVLQJ� WKH� SUHVFULSWLRQ� GRVH�� � $JDLQ�� WKHVH� UDWHV� UHIOHFW� UHSRUWLQJ� LQWHQVLW\�� QRW

RFFXUUHQFH�UDWHV�RI�DGYHUVH�HYHQWV��ZKLFK�FDQ�RQO\�EH�GHWHUPLQHG�IURP�HSLGHPLRORJLF�VWXGLHV�

5HSRUWLQJ�UDWHV�ZHUH�FDOFXODWHG�IRU�OHIOXQRPLGH��HWDQHUFHSW��LQIOL[LPDE��DQG�PHWKRWUH[DWH���7KH

WLPH�SHULRG�FRYHUHG�LQ�WKLV�DQDO\VLV�LV�2FWREHU������WKURXJK�-XQH��������7KH�GLIIHUHQW�HYHQWV

RI�LQWHUHVW�ZHUH�GHILQHG�DFFRUGLQJ�WR�VSHFLILF�0HG'5$�WHUPV�DV�IROORZV�

+HSDWLF�IDLOXUH���KHSDWLF�IDLOXUH

,QWHUVWLWLDO�OXQJ�GLVHDVH�²�LQWHUVWLWLDO�SQHXPRQLWLV��LQWHUVWLWLDO�OXQJ�GLVHDVH��SQHXPRQLWLV�126

6HSVLV�7%�²�VHSVLV�126��EDFWHUHPLD��SXOPRQDU\�VHSVLV��QHXWURSHQLF�VHSVLV��SXOPRQDU\

WXEHUFXORVLV��WXEHUFXORVLV�126��UHDFWLYDWHG�WXEHUFXORVLV

%XOORXV�FRQGLWLRQV�²�HU\WKHPD�PXOWLIRUPDH��WR[LF�HSLGHUPDO�QHFURO\VLV��6WHYHQV�-RKQVRQ

V\QGURPH

/\PSKRPD�²�+RGJNLQ·V�GLVHDVH��O\PSKRPD�1(&��QRQ�+RGJNLQ·V�E�FHOO��QRQ�+RGJNLQ·V�W�FHOO�

O\PSKRPD�XQVSHFLILHG

+\SHUWHQVLRQ�²�DFFHOHUDWHG�K\SHUWHQVLRQ��K\SHUWHQVLYH�FULVLV��PDOLJQDQW�K\SHUWHQVLRQ�126�

GLDVWROLF�K\SHUWHQVLRQ��V\VWROLF�K\SHUWHQVLRQ��K\SHUWHQVLRQ�126��ODELOH�K\SHUWHQVLRQ�

DJJUDYDWHG�K\SHUWHQVLRQ��HVVHQWLDO�K\SHUWHQVLRQ

9DVFXOLWLV�²�DQWL�QHXWURSKLO�F\WRSODVPLF�DQWLERG\�SRVLWLYH�YDVFXOLWLV��YDVFXOLWLF�UDVK�

OHXNRF\WRFODVWLF�YDVFXOLWLV��VNLQ�YDVFXOLWLV�126��YDVFXOLWLV�126��YDVFXODU�SXUSXUD

3DQF\WRSHQLD�²�PDUURZ�GHSUHVVLRQ�DQG�K\SRSODVWLF�DQHPLDV��WKURPERF\WRSHQLD��DJJUDYDWHG

WKURPERF\WRSHQLD
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5(68/76�²�355�	�5(3257,1*�5$7(�$1$/<6(6

5HVXOWV�RI�WKH�355�DQDO\VLV�DUH�VKRZQ�EHORZ�IRU�VHYHUDO�KLJK�OHYHO�WHUPV�LQFRUSRUDWLQJ�KHSDWLF�

K\SHUWHQVLYH��KHPDWRORJLF��VHYHUH�FXWDQHRXV��SDQFUHDWLF��UHVSLUDWRU\��YDVFXOLWLF��DQG�RQFRORJLF

HYHQWV���7KH�HYHQWV�RI�LQWHUHVW�ZHUH�GHILQHG�E\�0HG'5$�WHUPV��ZKLFK�DUH�LGHQWLILHG�DV�HLWKHU

6\VWHP�2UJDQ�&ODVV��62&���+LJK�/HYHO�*URXS�7HUPV��+/*7���+LJK�/HYHO�7HUPV��+/7���RU

3UHIHUUHG�7HUPV��37���OHYHOV�FRQQRWLQJ�VXFFHVVLYHO\�PRUH�VSHFLILFLW\��DORQJ�ZLWK�WKH�QXPEHU�RI

UHSRUWV��1��

(9(176

(9(17��1 355 �

KHSDWLF�DQG�KHSDWRELOLDU\�GLVRUGHUV��+/*7������ ���� ����

KHSDWRFHOOXODU�GDPDJH�DQG�KHSDWLWLV�1(&��+/7����� ���� ����

KHSDWLF�ILEURVLV�DQG�FLUUKRVLV��+/7����� ���� ���

LQFUHDVHG�EORRG�SUHVVXUH��+/*7������ ���� ����

K\SHUWHQVLRQ�DQG�LQFUHDVHG�EORRG�SUHVVXUH�1(&��+/7��

��

���� ���

DQDHPLDV�QRQ�KDHPROW\LF�DQG�PDUURZ�GHSUHVVLRQ

�+/*7������

���� �����

ZKLWH�EORRG�FHOO�GLVRUGHUV��+/*7������ ���� ����

EXOORXV�FRQGLWLRQV��+/7����� ���� ����

SDQFUHDWLWLV�DFXWH��37����� ���� ���

ORZHU�UHVSLUDWRU\�WUDFW�LQIODPPDWRU\�DQG�LPPXQRORJLF

FRQGLWLRQV��+/7�����

���� ����

YDVFXODU�GLVRUGHUV�1(&��+/*7����� ���� ���

p00296



5(3257,1*�5$7(6

Reporting rates
Hepatic failure (FDA & IMS data)
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Reporting rates
Hepatic failure (FDA & IMS data)

0

5

10

15

20

25

�4

���

�4

���

�4

���

�4

���

�4

���

�4

���

�4

���

�4��

+
)�
5
(3

��
�
�
��
�
�
�3
<

/()

07;

(7$1

,1)/,;

0

5

10

15

20

25

�4

���

�4

���

�4

���

�4

���

�4

���

�4

���

�4

���

�4��

+
)�
5
(3

��
�
�
��
�
�
�3
<

/()

07;

(7$1

,1)/,;

p00297



Reporting rates
Pancytopenia (FDA data, US)
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Reporting rates
Bullous conditions (FDA data, US)
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Reporting rates
Hypertension (FDA data, US)
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Reporting rates
Lymphoma (FDA data, US)
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Reporting rates
Sepsis/Tuberculosis (FDA data, US)

0

5 0

10 0

15 0

20 0

25 0

30 0

�4 �� �4 �� �4 �� �4 �� �4 �� �4 �� �4 �� �4 ��

,1
)
�5
(
3
�
�
�
�
��
�
�
�3
<

/()

0 7;

(1 %

,1 )/ ,;

p00302



Reporting rates
Interstitial lung disease (FDA data, US)
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Reporting rates
Vasculitis (FDA data, US)
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&21&/86,216

3DUW�RI�WKH�ULVN�PDQDJHPHQW�DSSURDFK�WR�OHIOXQRPLGH�LQFOXGHV�WKH�FOLQLFDO�VDIHW\�DQDO\VLV��ZKLFK

LV�SHUIRUPHG�E\�WKH�*OREDO�3KDUPDFRYLJLODQFH�DQG�(SLGHPLRORJ\�XQLW���,QFOXGHV�LQ�WKLV�SURFHVV

DUH�WKH�IROORZLQJ�VWHSV�

VDIHW\�VLJQDO�LGHQWLILFDWLRQ

VRXUFHV�RI�VDIHW\�VLJQDOV��LQWHUQDOO\�JHQHUDWHG�VDIHW\�GDWDEDVH��H[WHUQDOO\�JHQHUDWHG

VDIHW\�VLJQDOV�

UDSLG�DVVHVVPHQW�RI�LGHQWLILHG�VLJQDO

VLJQDO�DQDO\VLV

FRPPXQLFDWLRQ�RI�ILQGLQJV�

$OO�WKHVH�VWHSV�ZHUH�WDNHQ��DQG�WKH�UHVXOWV�SUHVHQWHG�LQ�WKLV�UHSRUW�UHSUHVHQW�RQH�FRPSRQHQW�RI

WKH�RYHUDOO�SURFHVV�

%DVHG�RQ�WKH�FXUUHQW�355�DQDO\VLV��IHZ�VLJQDO�KDYH�EHHQ�JHQHUDWHG���7KH�355V�IRU�WKH�KHSDWLF

HYHQWV�DUH�OHVV�WKDQ�������$�355�RI�����ZDV�REVHUYHG�IRU�K\SHUWHQVLYH�FULVLV��EDVHG�RQ���

UHSRUWV��RWKHU�K\SHUWHQVLRQ�UHODWHG�355V�ZHUH�����RU�OHVV���1R�VLJQDOV�DSSHDUHG�LQ�WKH

KHPDWRORJLF�HYHQWV�RU�VHYHUH�VNLQ�HYHQWV�355V���$�355�RI�����ZDV�VHHQ�IRU�QHFURWL]LQJ

SDQFUHDWLWLV��DOWKRXJK�WKLV�ZDV�EDVHG�RQ�RQO\�IRXU�UHSRUWV���,QWHUVWLWLDO�OXQJ�GLVHDVH��,/'��ZDV

IRXQG�WR�KDYH�D�355�RI����EDVHG�RQ����UHSRUWV���$�355�RI�����ZDV�VHHQ�IRU�YDVFXOLWLV���%RWK�,/'
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DQG�YDVFXOLWLV�KDYH�EHHQ�SURSRVHG�WR�EH�DGGHG�WR�OHIOXQRPLGH·V�ODEHO���7KHVH�HYHQWV�FRQWLQXH

WR�EH�PRQLWRUHG�DQG�HYDOXDWHG���1R�VLJQDOV�ZHUH�REVHUYHG�IRU�FDQFHU�

%DVHG�RQ�WKLV�DQDO\VLV��IHZ�VLJQDOV�KDYH�EHHQ�LGHQWLILHG���7KRVH�WKDW�KDYH�EHHQ��LQ�DGGLWLRQ�WR

DOO�UHSRUWV�RI�VHULRXV�HYHQWV�ZKHWKHU�VLJQDO�JHQHUDWLQJ�RU�QRW��FRQWLQXH�WR�EH�FORVHO\�PRQLWRUHG

XVLQJ�DOO�DYDLODEOH�SKDUPDFRYLJLODQFH�DQG�HSLGHPLRORJLF�PHWKRGV�

7KH� UHVXOWV� RI� WKH� UHSRUWLQJ� UDWH� DQDO\VLV� FRUURERUDWH� WKRVH� RI� WKH� 355� DQDO\VLV�� � 1R� VWURQJ

VLJQDOV�ZHUH� IRXQG� IRU� OHIOXQRPLGH�� �0HWKRWUH[DWH�ZDV� LQFOXGHG� LQ� WKH� DQDO\VLV� EHFDXVH� LW� LV

FRQVLGHUHG� WKH� JROG� VWDQGDUG� IRU� 5$� WKHUDS\�� � ,WV� XVH� LQ� UHSRUWLQJ� UDWH� DQDO\VLV�� KRZHYHU�� LV

TXHVWLRQDEOH�EHFDXVH�RI�WKH�ZHOO�NQRZQ�SUREOHPV�DVVRFLDWHG�ZLWK�VSRQWDQHRXV�UHSRUWLQJ��DQG

D� UHYLHZ�RI� WKH�JUDSKV�DERYH�GHPRQVWUDWH� WKHVH� HIIHFWV� TXLWH� FOHDUO\�� � %HFDXVH�PHWKRWUH[DWH

KDV�EHHQ�DYDLODEOH�IRU�PDQ\�GHFDGHV��LW�KDV�EHHQ�XVHG�DV�5$�WKHUDS\�VLQFH���������SK\VLFLDQV

DUH�YHU\�IDPLOLDU�ZLWK� LWV�HIIHFWLYHQHVV�DQG�WR[LFLW\��DQG� LQ�DOO� OLNHOLKRRG�ZRXOG�QRW�UHSRUW�DQ\
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